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Historical Development of Pharmacology 


On the other hand, some substances employed by fortuitous 
circumstances were of specific value in certain diseases 
and are part of our armamentarium today. Among the mul- 
titudinous recipes listed in Eber’s papyrus, an Egyptian 
record of ISSO B.C., are such drugs as castor oil, colchicum 
and opium, which are still in use. 

In the Egyptian period and even in the early Greek pe- 
riod, medicine was a part of religion and philosophy. The 
concept of disease as a pathologic process going on within 
the body, rather than as a visitation from the gods, was 
formulated for the first time by Hippocrates (460-370 B.C.) 
and marks the beginnings of scientific medicine. Accurate 
observation of the course of illness made it possible to clas- 
sify and appraise the use of drugs. Unfortunately^ the scien- 
tific principles of Hippocrates were not to be fully carried 
out until the dawn of the Renaissance many centuries later. 
With the decline of Greek culture, the quest for fresh 
knowledge was forgotten. Although medicine among the 
early Romans was an honored and important field, under 
the influence of Galen (A.D. 13I-20I) it degenerated into 
a dogmatic system of polyph^macy. Instead of furthering 
observation and analysis of actual processes, Galen sought 
the answer to medical problems in pure theory. Through- 
out the late Roman and medieval periods, Galen’s theories 
were accepted and medical progress ceased. 

With the Renaissance, however, the Hippocratic spirit 
was revived. Free thought and critical inquiry led Paracel- 
sus (1493-1541) to attack the Galenic system of poly- 
pharmacy. He introduced simplicity in prescription writing 
and recommended the use of chemical substances rather 
than the mixed vegetable preparations of GalenT The treat- 
ment of syphilis with mercurials was inaugurated by Para- 
celsus. The first official pharmacopoeia was printed in FJor- 
ence in 1497. 

The revolt against Galenic medicine did not, however, 
lead at once to the establishment of truly Hippocratic in’ 
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Historical Development of Pharmacology 


“When in 1890 we decided to have a real chair of pharma- 
cology with laboratory instniction, I wrote to Profe^or 
Oswald Schmiedeberg, the dean of that science, at that time 
in Strasbourg. He replied at length and advised me not to 
take a German, since he thought it a doubtful procedure to 
install a foreigner into a professorship. He said that he had 
in his laboratory two Americans, but that one of them was 
more German than American, and he recommended the 
other. Besides, he said that the man he was recommending 
was not only an American but a graduate of Michigan Uni- 
versity. In this way John J. Abel became our first professor 
of pharmacology, as a real science.” Thereafter in 'rapid 
succession, departments of pharmacology were established 
in many other universities in the United States. 

Prior to Dr. Abel’s appointment, materia medica and 
therapeutics were taught in this country by physicians 
engaged in private practice. Abel introduced Schmiedeberg’s 
teaching methods, by lectures, demonstrations and discus- 
sions in pharmacology and by devoting considerable time 
to research. He further advanced the teaching of pharma- 
cology by the inauguration of student experiments and by 
insisting on preliminary instruction in related departments 
in order that students would have a better background 
for their studies in pharmacology. 

Early workers in the field of experimental pharmacology 
were limited to observation of responses to the action of 
drugs by living animals or by isolated organs and tissues. 
These methods remain of great importance in modern 
pharmacology for such procedures as biologic assay, the 
screening of new chemical compounds for their toxicity 
and possible therapeutic value and the isolation of pharma- 
cologically active agents as chemical entities. In addition, 
technologic advances in the fundamental sciences have made 
nossible more basic approaches through studies of enzy. 
matic reactions which collectively make up the living cell 
and the enhancement or inhibition of these reactions by 
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General Principles of 
Pharmacology 

SOURCES OP DRUGS MECHANISM OP ACTION 

DRUG METABOLISM DETERMINATION OP TOXICITY 

SOURCES OF DRUGS 

The discovery of the pharmacologic action or therapeutic 
usefulness of a substance can be made in several ways. 
The activity of most of the older drugs in our therapeutic 
armamentarium was found by pure chance. For the most 
part, the crude plant extracts formerly making up the 
majority of drug preparations have been subjected to study, 
and pure crystalline preparations have been obtained. As 
the composition of these purified substances is determined, 
new compounds with minor modifications in structure can 
be synthetized with a view to obtaining even better thera- 
peutic agents. 

Another approach is by the system introduced and prac- 
ticed so successfully by the Germans of trying a large num- 
ber of chemicals in a screening test designed to uncover a 
given'pharmacologic activity. This procedure is responsible 
tor the discovery of such widely used drugs as quinacrine^ 
the sulfonamides and the arsenicals. 

A third procedure is to undertake a deliberate methodical 
search for a medicinal use for a given preparation. However, 
the types of possible pharmacologic action are so varied, 
and the technics for determining activity so time-consuming 
and expensive, that few substances indeed have received 
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General Principles of Pharmacology 


ing the absorption characteristics of new compounds. For 
most drugs there are one or more preferred routes of admin- 
istration which give the desired intensity and duration of 
the response. 

Intermediary Metabolism. The variation in the rate of 
the intermediary metabolism of a given drug in different 
species of animals may be even greater than the varia- 
tion in absorption. Furthermore, the intermediate or end 
products of metabolism may be quite different in different 
animals, thus accounting, at least in part, for the variable 
response. Hence, investigative pharmacology requires a 
knowledge of the enzyme systems which may be involved 
in the metabolism of drugs. 

For a drug to be effective it must reach the site of its 
. action. The pattern of distribution of the drug in the tissues 
may vary from one species of animal to another. Pathologic 
or physiologic states may also effect the distribution and 
therefore the efficacy of a drug. Furthermore, the meta- 
bolic changes produced in a drug by the action of one or 
more of the many enzymes in the body may either increase 
or decrease its pharmacologic potency. Finally, a drug may 
be noneffective if combined as an adsorption complex with 
some normal constituent of the body such as serum or tissue 
proteins or bone. 

Excretion. The rate of excretion of a drug from the body 
is important in determining the duration of its effect. In 
addition, the route of excretion often affords a convenient 
way to obtain a therapeutically useful localized concentra- 
tion of the drug in the excretory channel. However, in some 
cases, toxicity may be partly dependent on the excretion 
characteristics of a given drug because of this concentration. 
Furthermore, pathologic changes in the excretory organ may 
markedly decrease tolerance to the drug. - 
Drug Tolerance, Accumulation and Sensitization. Re. 
peated administration of a drug frequently is accompanied 
by either a decrease or an increase in its acU'on., A decrease 
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General Principles of Pharmacology 


effective by virtue of a similarity to an essential metabolite 
of the invading organism, with a resultant competitive inhi- 
bition of reactions in which that metabolite is concerned. 
For example, the action of sulfanilamide can be completely 
neutralized by the presence of small additional amounts of 
the essential metabolite, para-aminobenzoic acid. Other 
sulfonamide drugs apparently Interfere with the normal 
utilization of other metabolites as well, e.g., riboflavin, 
nicotinic acid and thiamine. Other examples of antagonism 
are desthiobiotin, which interferes with the utilization of 
biotin, pantoyltaurine with pantothenic acid, 6,7-dichloro- 
riboflavin with riboflavin, and pyrilhiamine with thiamine. 

The principle of biochemical antagonism has recently 
been applied in the search for drugs other than chemothera- 
peutic agents. Examples of these include imidazole and 
derivatives which act as antihistamine substances, and 
pteroyltriglutamic acid, which interferes with pteroylglu- 
tamic-acid metabolism in tumor tissue. 

Certain other drugs exert their action by supplying an 
essential constituent of the cell. Examples of this typ& of 
action are the vitamins, hormones and the essential min; 
erals, amino acids and fatty acids. Synthetic compounds 
which can substitute for the natural ones in metabolic re- 
actions are also included in this group, such as menadione, 
diethylstilbestrol and metacboline. 

Drug Combinations. Formerly it was the custom to use 
medicines composed of a large number of supposedly active 
ingredients. This “polypharmacy" was perhaps inevitable, 
in the past, but now drug combinations are only prescribed 
when there are specific indications. Two or more drugs 
when used together may have a synergistic or an antagonis- 
tic action. By synergistic action is meant the production 
of an effect which is more intense or more prolonged than 
would be obtained with either drug used alone. This term 
is also used' in a more limited way to designate those in- 
stances in which the effect is more than additive, i,e., 
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Owing to the variation between individuals, it is necessary 
to use a reasonably large number of animals in each group. 
Five groups of twenty or thirty animals should be sufficient 
for determining the LD 50 of an unknown drug. The approx- 
imate toxicity must, of course, be determined by preliminary 
observations on smaller groups and doses for the assay, 
so chosen that mortalities near 0 or 100 per cent are avoided. 

Analysis of the potential toxicity of a drug requires its 
administration in both short-term (acute) and long-term 
(chronic) experiments. Acute-toxicity experiments are of 
considerable value in the rough “screening” of large num- 
bers of new, closely related drugs, in order to select the 
most promising one for the more elaborate and more costly 
chronic-toxicity studies. These latter are necessary because 
of the frequent cumulative action of drugs, and because of 
the possibility of a delayed toxic action, when histologically 
or functionally indetectable damage may result in a major 
breakdown of some organ or function long after the drug 
has been discontinued. 
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Control and Dispensing 
of Drugs 

INTRODUCTION DRUG ASSAY 

PHARMACOPOEIAS, ETC. PRESCRIPTION WRITING 

LAWS AND REGULATORY 
AGENCIES 

INTRODUCTION 

The safe use of pharmacologic agents is a practical prob-’ 
Jem involving the co-operation of several groups of individ- 
uals. Because of this divided responsibility, certain gen* 
erally accepted practices and official rules of procedure have 
been evolved. Before a new drug can be sold on the open 
market, it must be subjected to adequate experimentation, 
not only in regard to its activity and possible therapeutic 
advantages but more particularly to its toxicity and poten* 
tiality for producing more harm than good. In addition, 
the manufacture and distribution of all drugs must receive 
some degree of public control in order to insure the relia- 
bility and uniformity of the final product. This chapter 
includes a discussion of the official standards for drugs, 
the laws governing them and the agencies for enforcement 
of these laws, a consideration of the problems of drug assay 
and a short presentation of the essentials of prescription 
writing. 

PHARMACOPOEIAS AND OTHER REFERENCES 
The Pharmacopoeia of the United States of America 
fU S P ) was first published in 1820. The thirteenth edition 
became official on April 1, 1947. Since the passage of the 
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with seven supplements covering changes in later years. It 
is in statutory force in most parts of the British Empire. 

The United States Dispensatory (U.SD.) was first pub- 
lished in 1833. It is a privately owned, nonbfficial compila- 
tion and includes all items in the U.S.P., the N.F., and the 
as well as many nonofficial drugs less frequently used. 
At the time the U.S.D. was first published, the U.S.P. had 
been in existence for 13 years but had received almost no 
acceptance by the medical or pharmaceutic professions. Fur- 
thermore, the U.S.P. had at that time no legal standing and 
the U.S.D. was considered by far the more useful book, since 
it contained information on many more drugs. It is now in 
its twenty-fourth edition. Somewhat comparable volumes are 
the English Martindale’s Extra Pharmacopoeia and the Ger- 
man Gehe’s Codex. 

New and Nonofficial Remedies (N.N.R.) is an annual 
publication of the Council on Pharmacy and Chemistry of 
the American Medical Association. The “New and Non- 
official Remedies” has no legal standing but items are sub- 
mitted to the Council for consideration and if their stand- 
ards are met, the item is “accepted.'” Products and ac- 
cepted only so long as they conform to the standards of 
the Council both with reference to the quality of the prod- 
uct and the claims made for it in advertising by the manu- 
facturer. No advertising in any of the American Medical 
Association’s journals is permitted for nonaccepted items. 

Accepted Dental Remedies (A.D.R.) is the publication, 
comparable to the N.N.R., compiled by the Council on Den- 
tal Therapeutics of the American Dental Association. Like 
the N.N.R., it accepts items on condition of maintenance 
of quality by the manufacturer and restriction of the adver- 
tising material to adequate and reasonable statements. 

LAWS AND REGULATORY AGENCIES 

Prior to the passage of the Virus, Serum and Toxlh Act 
of 1902 and the Food and Drug Act of 1906, there were 
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ing in, dispensing, prescribing, administering and giving 
away of marihuana. Both of these acts are enforced by 
the Bureau of Narcotics of the United States Treasury 
Department. 

DRUG ASSAY 

The determination of the relative purity of a drug sample 
has a different purpose from the determination of the rela* 
live purity of ordinary diemicais. This purpose is bound 
up with the use to which the drug is put. Not only must it 
not contain toxic contaminants, but it must possess the 
therapeutic activity of the drug even in those instances in 
which nothing is known about the actual chemistry of the 
one or more compounds and the proportion of each which 
must be present in order for the drug to exert this thera- 
peutic effect. 

Synthetic Chemicals. For the most part, these drugs can 
be identified with sufficient precisioj) and specificity. How- 
ever, occasionally the compound is of such a nature that 
highly toxic substances may be formed during manufacture 
or storage. In such cases a simple test may be devised to 
detect such contaminants. For example, every package of 
tribromoethanol solution (avertin) is accompanied by appa- 
ratus and chemicals to detect the presence of hydrobromic 
acid in the product. If this test is positive, the drug must 
be discarded since it is proof that sufficient decomposition 
has occurred to make the use of the preparation undesirable. 

The complex nature of some synthetic drugs makes it 
economically unsound to insist on chemical purity, yet the 
possible contaminants may be mudi more toxic than is per- 
missible. Thus, in the case of the arsphenamines and arsen- 
oxides, onJy government Vicensees may manufacture the 
drugs, and all lots must go through the hands of the 
National Institute of Health, where the toxicity is assayed 
on rats and the “expiration date” (the date beyond which 
the contents cannot be expected, beyond reasonable doubt, 
to retain stability) dearly printed on the package. 
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ing in, dispensing, prescribing, administering and giving 
away of marihuana. Both of these acts are enforced by 
the Bureau of Narcotics of the United States Treasury 
Department. , 

DRUG ASSAY 

The determination of the relative purity of a drug sample 
has a different purpose from the determination of the rela- 
tive purity of ordinary chemicals. This purpose is bound 
up with the use to which the drug is put. Not only must it 
not contain toxic contaminants, but it must possess the 
therapeutic activity of the drug even in those instances in 
which nothing is known about the actual chemistry of the 
one or more compounds and the proportion of each which 
must be present in order for the drug to exert this thera- 
peutic effect. 

Synthetic Chemicals. For the most part, these drugs can 
be identified with sufficient precisior^ and specificity. How- 
ever, occasionally the compound is of such a nature that 
highly toxic substances may be formed during manufacture 
or storage. In such cases a simple test may be devised to 
detect such contaminants. For example, every package of 
tribromoethanol solution (avertin) is accompanied by appa- 
ratus and chemicals to detect the presence of hydrobromic 
acid in the product. If this test is positive, the drug must 
be discarded since it is proof that sufficient decomposition 
has occurred to make the use of the preparation undesirable. 

The complex nature of some synthetic drugs makes it 
economically unsoimd to insist on chemical purity, yet the 
possible contaminants may be much more toxic than is per- 
missible. Thus, in the case of the arsphenamines and arsen- 
oxides, only government licensees may manufacture the 
drugs, and all lots must go through the hands of the 
National Institute of Health, where the toxicity is assayed 
on rats and the “expiration date" (the date beyond which 
the contents cannot be expected, beyond reasonable doubt, 
to retain stability) clearly printed on the package. 
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rabbits each are used for three concentrations of both 'the 
unknown and the standard. Three analyses are done at 
intervals after the injection and the average depression of 
blood sugar used for the calculations. In order to minimize 
the effect of animal variation, the procedure must be re- 
peated with the same rabbits several days later. The rabbits 
used in the first part of the assay for the standard prepara- 
tion must be used in the second part for the unknown, and 
vice versa. The standard solution is prepared from the 
U.S.P. Zinc-Insulin-Crystals Reference Standard, the po- 
tency of which is 22 units per milligram. The concentration 
of the final solutions are adjusted so as to contain 40, 80 
or 100 U.S.P. insulin units, with a variation of S p^r cent 
or less. 

3. Posterior-Pituitary Injection. Dilute acetic-add 
extracts of cleaned, dried and powdered posterior lobes ob- 
tained from the pituitary body of cattle or swine are com- 
pared with extracts of the Reference Standard. Suitable 
dilutions of the unknown and the standard extracts are 
added alternately to a special saline bath in which is sus- 
pended one horn of a virgin guinea-pig uterus. The con- 
tractions produced by both solutions must be approximately 
equivalent and submaximal. One U.S.P. unit is the amount 
of activity contained in 0.5 mg. of the U.S.P. Posterior 
Pituitary Reference Standard. A variation of 20 per cent 
is permissible. 

4. j.iVER Extract. There is no satisfactory method for 

the biologic assay in animals of liver, stomach or other 
preparations intended for the treatment of Addisonian per- 
nicious anemia. The products available are specifically 
approved by the U.S.P. Antiaaemia Preparaticms Advisory 
Board. Details concerning the source, the method of manu- 
facture etc., and clinical data from the treatment of suscep- 
tible human patients in relapse must be supplied. One 
USP. defined as that amount of an otherwise 

acceptable product which will produce a satisfactory din- 
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able side actions of the other drugs, if any), and the vehicle 
(medium in which the other agents are dispensed) ; the 
subscription, or directions to the pharmacist regarding the 
preparation of the medicine ; the signatura, or order to the 
pharmacist to label the medicine with the instructions for 
its use which follow. Finally, the prescription must-be 
signed by the prescribes It is common practice to have 
forms with the physician’s name, address and office hours. 

Formerly, all prescriptions were written in Latin with the 
apothecaries* system of weights and measures. The trend 
towards the more convenient use of English terms and the 
metric system is well illustrated by their adoption in the 
1947 editions of the United States Pharmacopoeia, the 
National Formulary, and New and Nonofficial Remedies. 

, A description of certain pharmaceutic preparations and 
dosage forms is presented in Chapter 4. 
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Young’s Law. 

Dose for child = ... X dose for adult. . 

age + 12 

The choice of the dose and the route-of administration for 
a drug in a particular circumstance depend on the proper- 
ties of the drug in question and the type of response desired. 
All other things being equal, the oral route is the method 
of choice. However, since some drugs are destroyed in the 
gastro-intestinal tract, and others are not absorbed or do not 
penetrate to the site of action, alternate routes are essential. 
The advantages and disadvantages of the various routes of 
administration are dealt with in this chapter. 

ORAL ADMINISTRATION 

A large variety of pharmaceutic preparations are available 
for the dispensing of drugs intended for oral administration. 

Aromatic waters are saturated aqueous solutions of vola- 
tile oils or other aromatic or volatile substances. They have 
no therapeutic action since the concentration of the active 
ingredient is very low. They are used as flavored vehicles 
for water-soluble drugs, usually diluted with at least an 
equal volume of water. 

Syrups are nearly saturated aqueous solutions of sugar, 
with or without flavoring agents. Alcoholic solutions of 
water-insoluble drugs may be added to syrups. Their chief 
/ use is as a vehicle for flavoring agents. 

Infusions are aqueous extractions of crude drugs of ani- 
mal or vegetable origin. Decoctions are similar except that 
they are prepared by extraction with boiling water. 

Spirits are solutions of volatile substances in alcohol. 

Elixirs are sweetened aqueous solutions containing flavor- 
ing materials and from 4 to 40 per cent alcohol. The alcohol 
content is just sufficient to keep the volatile oils or the 
medicinal agent in solution. The sugar content of elixirs 
is lower than that of syrups. 

Vinegars are dilute acetic-acid extracts of crude drugs. 
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the digestive enzymes and hydrochloric acid or bile salts in 
the gastro-intestinal tract. Furthermore, oral administration 
is sometimes obviously impracticable, as with moribund or 
unco-operative patients. 

Drugs given by mouth generally pass through the liver 
by way of the portal circulation before entering the systemic 
circulation. Other routes of administration, including the 
rectal to a more or less variable degree, result in a 'direct 
absorption into the systemic circulation. Since many drugs 
are either destroyed or temporarily stored in the liver, this 
by-passing may result in a greatly increased sensitivity to 
a given amount of a drug. Consequently, the dose for oral 
administration may be much higher than for other routes 
of administration. 

RECTAL ADMINISTRATION 
The rectal route is useful for local or for systemic admin- 
istration as a supplement or alternative to the oral route 
when a drug cannot be given by mouth because the patient 
is unable to swallow or to retain oral preparations. Drugs 
may be given as suppositories or as retention enemas. In 
the latter case, the volume should be kept as low as is con- 
sistent with the irritant qualities of the more concentrated 
solutions. Certain drugs, such as tribromoethanol and ether- 
in-oil, are regularly given by this route; the salicylates, 
caffeine, morphine, mercurial diuretics and digitalis have 
been so administered but other routes are generally pre- 
ferred. As supportive measures, saline and glucose solutions 
are often given by rectum. The chief disadvantages are that 
the procedure is unesthetic and liable to result in proctitis. 

' Many drugs cannot be given in this way because of their 
irritant local action. 

, PARENTERAL ADMINISTRATION 
Parenteral administration is the administration of drugs 
under one or more layers of the skin or mucous membranes. 
In general, it offers the advantage of securing quicker and 
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Intramuscular injections are suitable for aqueous solu- 
tions as well as for insoluble or immiscible preparations. 
In general, the rate of absorption is intermediate between 
that of oral administration and intravenous injection. In 
order to obtain an unusually slow rate of absorption, the 
drug may be given dissolved in peanut oil or beeswax or 
combined with a nonantigenic protein, such as protamine. 
Absorption can also be slowed by the inclusion of a vaso- 
constrictor in the solution to be injected or by the local 
application of cold packs. 

Intravenous injection is the most rapid method of intro- 
ducing drugs into the blood stream. Only drugs which do 
not precipitate in the blood can be used. Fairly irritant 
preparations can be given because of the rapid dilution 
by the blood. Precautions must be taken, however, to pre- 
vent leakage of such solutions around the venipuncture 
into the subcutaneous tissue. 

Intraperitoneal injections are used in laboratory animals 
but seldom in human patients. The danger of puncturing 
the intestine or other viscera is slight but absorption is irreg- 
ular, particularly if the circulation is impaired. Further- 
more, irritant drugs may produce peritoneal adhesions. 

Intramedullary Injections. Drugs injected into the bone- 
marrow spaces are taken up in the circulation about as 
rapidly as by intravenous injection. This route has also 
been used for the infusion of fluids. In adults, sternal 
puncture is preferred and, in infants, puncture of the femur 
or tibia. There is some danger of fat embolism, osteomye- • 
litis or periostitis. 

Intracardiac Injections. The heart can be entered readily 
by a sharp, direct thrust of the needle after first passing 
through one of the intercostal spaces. On a few rare occa- 
sions, the intracardiac injection of epinephrine has restored 
cardiac activity after complete standstill. Success in these 
cases was probably due as much or more to the mechanical 
stimulation of the puncture as to the drug. 
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by the evaporation of water, is sufficient to produce local 
vasoconstriction and so reduce inflammation. The cloth 
should, therefore, never be covered tightly as in a surgical 
wet dressing, and it should be replaced as soon as it is dry. 
The solution should be at room temperature in order to 
prevent reactive hyperemia. Usually it contains a mild 
antiseptic or an astringent agent. 

Dusting powders are used for their moisture-absorbing 
effect. They should not be used in oozing dermatitis. 

Lotions are aqueous solutions in which dusting powders 
are suspended. Addition of glycerol decreases the rate of 
evaporation of water and insures the formation of a con- 
tinuous adherent layer of the powder after drying. 

Ointments are greasy protective substances used as 
vehicles for drugs in subacute and chronic inflammatory 
processes. There are three groups of ointments: plain fatty 
substances of animal, vegetable or mineral origin, and oil* 
in-water and water-in-oil emulsions. Those of the first group 
are immiscible with water. Ointments of the second group 
contain emulsifying substances, such as wax, cetaceum or 
cholesterol or its derivatives and are miscible with water, 
forming stable emulsions. These emulsions are permeable 
to sweat and have some cooling effect due to a slow evap- 
oration of water, as in *‘cold cream.” They are used on 
inflamed, dry skin and also when aqueous solutions of drugs 
are to be incorporated into ointments. Oil-in-water (so- 
called greaseless bases) are rather unstable and their prac- 
ticability is not established. Drugs incorporated in, oint- 
ments usually penetrate into deeper layers of the skin than 
do those incorporated in the aqueous solutions, dusting 
powders or lotions. This is probably due to the partial 
suppression of insensible perspiration with accumulation of 
water in the skin and resultant maceration. 

Pastes are mixtures of powders and ointments. Because 
of their powder content, they have a drj'ing effect. 
are less occlusive than ointmcnHs and therefore drugs ■ ^ ^ 
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Administration of Drugs 


Oral Mucosa 

Absorption through the stratified squamous epitheh'um 
under the tongue is largely conditioned by the fat-water dis- 
tribution coefficient of a compound. Very few drugs have a 
high enough coefficient to penetrate directly through this 
mucosa. Glyceryl trinitrate and the steroid hormones, such 
as testosterone and desoxycorticosterone, have been effec- 
tively given in this way. 


Nasal Mucosa 

The columnar epithelium of the nasal mucosa is pene- 
trated with reasonable ease. Pituitrin is occasionally given 
in this way during the management of diabetes insipidus. 
Immunization to tetanus and diphtheria has been accom- 
plished clinically by this route. 


Other Mucosae 

Drugs may be absorbed from the conjunctival sac, the 
vagina, the urethra or the iiladder. These routes are not 
used, however, for the admiulstration of systemically acting 
drugs, although occasionally systemic toxic reactions follow 
the application of drugs intended for local effects, e.g., 
atropine in the eye for pupillary dilation and ciliary muscle 
paralysis; mercury bichloride in the vagina as an ill-advised 
contraceptive measure; local anesthetics in the urethra. 
Drugs such as quinine and nicotine may be reabsorbed from 
the urinary passages, absorption being increased by an 
alkaline urine. 
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General 

INTRODUCTION 
INHALATION ANESTHESIA 
INTRAVENOUS ANESTHESIA 

‘ PREPARATIONS 

INTRODUCTION 

The term anesthesia was coined in 1846 by Oliver Wendell 
liolmes to signify a state of “insensibility, more particu- 
larly . . ; to objects of touch.” The term may be used to 
describe either a general or a local effect. General anes- 
thesia implies a loss of consciousness, a loss of pain sense 
(analgesia) and general muscular relaxation. These effects 
are produced by depression or narcosis of the central 
nervous system. 

Development of General Anesthesia. The history of 
general anesthesia dates back to very ancient times. Such 
substances as mandragora, wines and other alcoholic prep- 
arations, opium, hyosdne (scopolamine) and cannabis 
(hashish, bhang, marihuana) were used to effect some 
loss of consciousness or analgesia for the crude surgery' 
of ancient and medieval times. Stunning the patient, bilat- 
eral compression of the carotid arteries to produce cerebral 
anoxia and hypnotism or mesmerism were other procedures 
used in an attempt to induce some degree of anesthesia. 

It was not until the advent of modern anesthesia in the 
middle of the nineteenth century, however, that the cries 
and struggles of the paUent, with the resulting handicap 
to the surgeon during an operation, could be satisfactorily 
eliminated. The physicist. Sir Humphrey Davy, noted 
36 
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PREPARATIONS 


INTRODUCTION 

The term anesthesia was coined in 1846 by Oliver Wendell 
ftolmes to signify a state of “insensibility, more particu*, 
larly . . to objects of touch.” The term may be used to 
describe either a general or a local effect. General anes- 
thesia implies a loss of consciousness, a loss of pain sense 
(analgesia) and general muscular relaxation. These effects 
are produced by depression or narcosis of the central 
nervous system. 

Development of General Anesthesia. The history of 
general anesthesia dates back to very ancient times. Such 
substances as mandragora, wines and other alcoholic prep- 
arations, opium, hyoscine (scopolamine) and cannabis 
(hashish, bhang, marihuana) were used to effect some 
loss of consciousness or analgesia for the crude surgery' 
of ancient and medieval times. Stunning the patient, bilat- 
eral compression of the carotid arteries to produce cerebral 
anoxia and hypnotism or mesmerism were other procedures 
used in an attempt to induce some degree of anesthesia. ' 

It was not until the advent of modern anesthesia in the 
middle of the nineteenth century, however, that the cries 
and struggles of the patient, with the resulting handicap 
to the surgeon during an operation, could be satisfactorily 
eliminated. The physicist. Sir Humphrey Davy, noted as 
36 
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General Anesthesia 


Theories of Narcosis. The mode of action of genera! 
anesthetics is not understood, although various theories 
have been advanced. The early belief was that anesthesia 
was caused merely by asphyxia. Claude Bernard was the 
first to suggest an alternate explanation, that anesthesia is 
due lo a reversible coagulation of the constituents of the 
nerve cells. The Meyer-Overton theory assumes that the 
action of anesthetics is due to the fact that they are soluble 
in, and are taken up by, the lipids of nerve tissue, the anes- 
thetic potency depending on the relative solubility of the 
agents in fats and water. The Moore and Roaf theory is an 
extension of the Meyer-Overton theory. It postulates that 
anesthesia is due to that part of the drug which leaves the 
lipids and combines with the protoplasm. The lipid inaterial 
holds the anesthetic in contact with the protein and in this 
way aids in the production of narcosis. Recovery is due to 
the reversible nature of the combination of the narcotic 
with the cell protoplasm. According to Lillie’s theory, anes- 
thetics produce their effects by modifying cellular mem- 
branes, making them more resistant to changes of perme- 
ability. Since variations of permeability are essential -to 
- stimulation, the irritable tissue is thus rendered temporarily 
insensitive. Verworn’s theory assumes that the depression 
of the neuron is due to suppression of the power of the cell 
to use oxygen, inasmuch as narcosis is accompanied by 
diminished oxygen utilization. Recent studies by Quastel on 
the effects of narcotics in decreasing the oxygen consump- 
tion of brain tissue in vitro have revived interest in this 
theory. 

The administration of anesthetics causes a decrease in the 
electronegativity of the brain cortex so that in the stage of 
deep surgical anesthesia the brain cortex is electropositive. 
According to Burge’s electrical theory of narcosis, the loss 
of negative potential is due to the blocking of the passage 
of negative charges into the cortex through sensory fibers, 
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General Anesthesia 


of respiratory paralysis, which leads to death unless appro- 
priate resuscitative measures are taken. The anesthetist 
must be able to recognize the depth of anesthesia in order 
to insure that it is adequate for the surgical procedure in 
question and also to avoid the danger of giving an over- 
dose of the anesthetic. 


(iruF 



In the first stage of anesthesia, the patient is conscious 
but there is a variable degree of mental disorientation. Pain 
sensibility is diminished, so that this stage is often used 
in obstetric analgesia to provide relief during the intermit-' 
tent labor pains. If the annthetic agent is irritating, there 
may be coughing and voluntary breath-holding, and the 
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reflex is abolished, giving a dull, lusterless appearance to the 
eyes. In the fourth plane, the respiratory volume is mark- 
edly decreased and the pupils are completely dilated. The 
intercostal muscles arc paralyzed, and respiration is carried 
on entirely by diaphragmatic contractions, and is irregular 
and inefficient. 

The depth of anesthesia depends on the concentration of 
anesthetic reaching the central nervous system. This is 
determined by the partial pressure of the anesthetic in 
the inspired air, the respiratory volume, the permeability 
of the alveolar membrane, the circulation time and the cir- 
culatory volume of the various organs and tissues. 

Desirable Properties of General Anesthetics. Ideally, a 
general anesthetic should be a nonirritating substance free 
from any disagreeable odor. It should produce a rapid, 
pleasant induction and permit a rapid recovery. It should 
produce adequate muscular relaxation and should not in* 
crease capillary bleeding. It should have a wide margin of 
safety and be of adequate potency so that sufficient oxygen 
can be administered. It should be easy to administer and 
should cause little change in the normal physiology of the 
body. Finally, it should be easily and ^eaply manufac- 
tured, nonexplosive and should not decompose on standing 
or during storage. The properties of the more important 
inhalation anesthetics are summarized in Table I. 

Anesthetic Explosions. One of the hazards of anesthesia ' 
is the occurrence of explosions, especially with ether, ethyl- 
ene and cyclopropane, which form explosive mixtures with 
oxygen. The sources of ignitloa include static sparks, cau- 
teries open flames and motors andJother electrical devices. 

'Static sparks may be prevented by maintaining a high 
humidity or by the grounding of all apparatus used. The 
danger of explosion may be minimized by using the closed- 
circuit method of administration, in which the explosive 
gases are confined in the apparatus and not regularly re- 
leased into the room air. 
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Ether produces a number of undesirable effects, including 
depression of liver function, irritation of the kidneys, eleva- 
tion of blood sugar and addosis. The so-called “ether con- 
vulsions” are probably not caused by ether, since they may 
occur during anesthesia with other agents. The cause of 
these convulsions is not definitely known. A number of fac- 
tors are probably involved, induding acute toxemia, hyper- 
thermia, addosis, hypoxia and carbon-dioxide retention. 

Cyclopropane was introduced clinically by Waters in 
1930, after preliminary studies by Lucas and Henderson 
had suggested its value as a general anesthetic. It produces 
a rapid and pleasant induction, and adequate muscular 
relaxation can be secured while high concentrations of oxy- 
gen are administered. Its chief disadvantages are its explo- 
^siveness and the occasional production of cardiac arrhyth- 
mias during deep anesthesia. The arrhythmias can usually 
be stopped by the addition of a small amount of ether vapor 
to the gas mixture. Bronchiolar spasm may be encountered 
during the administration of this agent. Because of Its 
costliness, it is almost always administered by the closed, 
carbon-dioxide-absorption technic. ‘ . 

Nitrous oxide is the least toxic of the general anesthetics. 
Its disadvantage lies in the fact that deep anesthesia cannot 
be produced unless the oxygen concentration is reduced to 
a dangerously low level. Nitrous-oxide-oxygen anesthesia 
is almost always accompanied by some degree of hypoxia. 
As a supplement to other anesthetics, such as thiopental 
sodium or tribromoethanol, it is of considerable value. The 
use of nitrous-oxide-oxygen anesthesia for short dental pro- 
cedures is very common but fe.not without hazards. 

Ethylene was introduced as an anesthetic by Luckhardt 
and Carter in 1933. In :^ite of its unpleasant odor, it pro- 
vides a rapid and pleasant induction and is comparatively 
' nontoxic though its explosiveness in anesthetic mixtures is 
potentially dangerous. It is probably the anesthetic of choice 
for poor-risk patients but does not usually provide sufficient 
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fibrillation. High concentrations and rapid induction depress 
the heart to a dangerous degree and may lead to cardiac 
arrest. Resuscitation after chloroform overdosage is difficult 
since the circulation usually fails at the same time as respira- 
tion, whereas with other agents the heart generally continues 
to beat for some time after the cessation of respiration. A 
further disadvantage of chloroform is the frequent develop- 
ment of postanesthetic hVer and kidney damage, especially 
in debilitated patients. There is some indication that this 
may be minimized by a high-carbohydrate diet or by the 
administration of choline or methionine. 

Miscellaneous anesthetic agents whose clinical value has 
not been adequately determined include a series of com- 
pounds related to both ether and cyclopropane which have 
been prepared and studied by Krantz and his associates, 
These are ethyl cycJopropyl ether (cyprome ether), propyl 
cyclopropyl ether (cypreth ether) and its unsaturated ana- 
logue, known as cyprethylene ether. Other compounds stud- 
ied by this group include isopropenyl vinyl ether (propeth- 
ylene ether), an isomer of cyprethylene ether, and n-propyl 
methyl ether (metopryl), an isomer of ethyl ether. 

Combined Anesthesia. Frequently, surgical anesthesia 
is effected by the use of several drugs and/or several meth- 
ods so that the dose of each drug is minimal. An example 
of combined anesthesia would be adequate premedication, a 
regional block with procaine for analgesia and muscle 
relaxation, intravenous thiopental sodium for unconscious- 
ness, nitrous-oxide-oxygen for analgesia and unconscious- 
ness, and the provision of increased oxygen supply for the 
patient during the operative procedure. 

INTRAVENOUS ANESTHESIA 

Intravenous anesthesia offers the advantages of rapid 
induction, simplicity of administration and absence of 
explosion hazards. Its disadvantages include all those inher- 
ent in intravenous therapy while the very simplicity of its 
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or toxemia, since the tolerance to thiopental is greatly 
reduced in these conditions. It should be administered in 
concentrations of 2.5 per cent or less, since the use of more 
concentrated solutions may cause venous thrombosis. 

RECTAL ANESTHESU 

The administration of anesthetics by rectum is seldom 
resorted to at the present time, since the method is cumber- 
some and the variations in the rate of absorption make the 
end results unpredictable. The first preparation to receive 
considerable use was Givathmey’s oil-ether mixture, a solu- 
tion of ether in olive oil. This mixture was later modified 
for obstetric anesthesia by the addition of magnesium sul- 
fate, which was thought to act synergistically with the ether. 
Even in such mixtures, however, the ether may be irritating 
to the rectal mucosa. 

More recently a solution of tribromoethanol in amylene 
hydrate (avertin, bromethol) has been used. When first 
introduced it was used to produce general anesthesia. The 
narrow margin of safety between anesthetic and toxic doses 
led to abandonment of its use for this purpose, and it is now 
employed largely as a basal anesthetic, especially in chil- 
dren. Its chief toxic effect lies in its profoimd depressant 
action on the respiratory center. The shorter-acting bar- 
biturates, such as pentobarbital, amytal and thiopental, are 
also used rectally as basal anesthetics. Paraldehyde has 
been administered by this route to produce obstetric anal- 
gesia but it is too unreliable to be acceptable. 

CURARE 

Curare is a crude drug of indefinite composition obtained 
from a number of South American plants. Its predominant 
pharmacologic action is paralysis of voluntary muscle, an 
action shown by Claude Bernard in 1844 to originate at the 
neuromuscular junction. It has long been known and used 
by the natives of South America as an arrow poison. 
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oxygen should always be available when curare preparations 
are used. Neostigmine is a pharmacologic antidote to curare 
and may be administered if signs of respiratory embarrass- 
ment appear. The undesirable parasympathomimetic effects 
of neostigmine can be controlled with atropine. Neostigmine 
is rarely necessary, however, since the treatment of choice 
is artificial respiration with oxygen until adequate respira- 
tory activity returns. 

Myasthenia gravis patients are particularly sensitive to 
cUrare; the drug has been used as a diagnostic aid when 
this condition is suspected. It should be used in minute 
amounts, however, lest respiratory paralysis occur. It has 
also been used to relieve spastic states and to facilitate 
bronchoscopy and tracheal intubation. 

Recently, a synthetic preparation with a curare*Iike effect 
has received preliminary clinical trials in Great Britain. 
This compound, ce, p, dihydroxy, (2 methyl) phenoxypro* 
pane, known as myanesin or B.D.H. 312, appears to exert 



its muscular-relaxing action by a depressant action on the 
reflex excitability of the spinal cord. It appears to be much 
less toxic than curare, and intercostal paralysis* does not 
occur with doses producing full abdominal relaxation. 

Erythroidine, an alkaloid with a curare-like action, is 
present in various species of erythrina. Although a satis- 
factory substitute for curare, it appears to have had little 
clinical use. Its action is less prolonged than that of curare. 

OXYGEN THERAPY 

Oxygen alone, or mixtures of oxygen with carbon dioxide 
or an inert gas sudi as helium are of great value in the 
treatment of various types of anoxia or hypoxia, including 
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General Anesthesia 


cyanosis to be apparent. A patient with severe anemia may 
die of oxygen want but never be cyanotic. 

Indications for oxygen therapy include operations on 
anemic and toxic patients; any condition interfering with 
pulmonary function; poisoning by depressant drugs, such 
as morphine, barbiturates and general anesthetics; severe 
toxemias; coronary thrombosis and decompensated heart 
disease and surgical and traumatic shock. 

Oxygen may be administered by means of a face mask, 
by nasal catheter or by placing the patient in an oxygen 
tent or specially constructed oxygen dhamber. If given by 
the catheter technic, the oxygen should be humidified; 
otherwise it will irritate the respiratory passages. If admin- 
istered in a closed circulation, provisions must be made for 
removal of the carbon dioxide. If an oxygen tent is used, 
'provision must be made to cool the tent atmosphere, and 
the oxygen concentration in the tent should be determined 
frequently. Oxygen must not be administered in the pres- 
ence of open flames, cautery or electric motors because of 
the fire hazard. 


PREPARATIONS 
Ether U.S.P. Anesthetic ether B.P. 

Cyclopropane U.S.P. ; B.P. 

Nitrous oxide U.S.P . ; B J*. 

Ethylene U.S.P.; B.P. 

Vinyl ether IT.S.P. 

Trichloroethylene U.SJ?. 

Ethyl chloride U.S.P. ; B.P. 

, Chloroform U.SJ*.; B.P, 

Thiopental sodium U.S.P. Soluble thiopentone B.P. 
Hexobarbital soluble NNJl. Hexobarbitone B.P. 
Tribromoethanol U.S.P. ; B.P. 

Tribromoetbanol solution TJ.S.P.; B.P. A solution of tri- 
bromoethanol in amylene hydrate containing lOO Gm. 
of tribromoethanol in 100 cc. 
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Regional Anesthesia 


TOPICAL ANESTHESIA 

No local anesthetic agent is absorbed in effective concen- 
trations through the skin, with the exception of phenol, 
which is now considered too toxic to be used clinically. 
Cocaine and some of its synthetic substitutes, such as 
phenacaine, tetracaine and butacaine, are absorbed through 
mucous membranes and are of value in eye, nose and throat 
work or in urology. Some preparations as butyl amino- 
benzoate, butesin picrate, ethyl aminobenzoate and ortho- 
form are highly insoluble and may be applied to open 
wounds or burns since they penetrate the tissues very slowly. 
Cocaine should never be used in conditions permitting rapid 
absorption because of its high systemic toxicity. 

INJECTION ANESTHESIA 

Procaine and related compounds are the most widely used 
agents for injection anesthesia. Alcohol and quinine salts 
find limited use because of their irritating properties, 
although they possess the advantage of a prolonged anes- 
thetic action which may be useful in the relief of neural- 
gic pain. 

Injection anesthesia may be effected by local infiltration, 
field block or nerve block. In infiltration anesthesia, the 
anesthetic agent is injected intracutaneously and subcuta- 
neously at the desired site of incision or in a painful^area. 
In field block, injections are made around the site of 
incision, cutting off the nerve supply to the area without 
rendering it edematous as in local infiltration. In nerve- 
block technics, the nerve supplying the field of operation 
is blocked by the accurate placement of the anesthetic agent 
in or arounff ^ne nerve irurik at some custance Irom ffie 
operative field. Special forms of nerve block include peri- 
dural anesthesia, in which the spinal nerves are blocked 
by agents placed in the t^ridural space, and spinal or intra- 
dural anesthesia, in whidi the agents are placed in the 
subarachnoid space. The former results in a slower onset 
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62 Regional Anesthesia 

drug is retarded by the vasoconstriction. Epinephrine is 
most commonly used for this purpose (see Chapter II). 

The addition of alkali to local anesthetic agents increases 
their efficiency to the extent that the free bases penetrate 
tissues more readily than their salts. However, the use of 
the free base wduld only be of advantage in topical anes- 
thesia. The free bases, although more potent, are so insolu- 
ble as to be impractical for injection anesthesia, and tie 
local anesthetics are generally marketed as the hydrochlo- 
ride salt. Since their activity is due to the liberation of 
free base by the tissue fluids, it is difficult to obtain a proper 
degree of anesthesia in an acutely inflamed area or wherever 
an acid reaction in the tissues is encountered. 

Biologic Assay. Various technics are used for testing 
local anesthetic agents. Cocaine or procaine usually serves as 
the standard of reference. Topical anesthesia can be assayed 
by the duration of loss of sensation occasioned by placing 
the agent on the mucosa of the human tongue, in the rabbit’s 
cornea or on the frog’s skin. Infiltration anesthesia maybe 

Tabu 3 

COMPARATIVE TOXICITY OF 
VARIOUS LOCAL ANESTHETIC AGENTS 



Procaine (novecaine) 

Eucaine (Beta-eucaine) 

Metycainc (neotbesin) 

Larocaine 

Amylocaine (stovaine) 

Tutocaine 

Butacaine 

Amydricaine (alypin) 

Cocaine 

Phenacaine (Iiolocalne) 

Tetracaine (pontocaine) ........ 

Dibucaine (nupercaine, percalne) 


430 

310 

300 

200 

200 

190 

70 

70 

SO 

so 

30 
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Metabolism. Local anesthetic agents are hydrolyzed 
chiefly by the liver; the variations in their toxicity are 
proportional to the rate at which they are metabolized 
One of the products of hydrolysis of procaine and related 
compounds is para-aminobenzoic acid, which may interfere 


mm 

BH 

a 

CjH, ^ 

Alfpio < 5 

£ny1(i<l 




Bjiaeoine 

^ Tcltpcomc 

CHj 2 5 

Lorpcaina 


with the activity of concomitantly administered sulfona- 
mides (see Chapter 29). 

Chemistry. Because of the toxicity of cocaine and its 
tendency to produce habituation, numerous compounds have 
been synthesized in the hope of developing a less dangerous 
analogue. The structures of the more important of these 
and their reh'’- ‘ 
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introduced clinically until 1884, when Roller demonstrated 
its usefulness as a topical anesthetic in ophthalmology. 
In 188S, Halsted used cocaine for nerve-block anesthesia 
and in the same year Corning used it experimentally as a 
spinal anestheticdn dogs. It was introduced for this purpose 
in patients by Bier in 1898 and its adoption immediately 
became widespread until its toxicity was realized, where- 
upon it soon was replaced by less toxic substitutes. 

The use of cocaine is now limited to surface application. 
It should not be used where repeated administration is nec- 
essary, since this may lead'to habit formation, which is 
characterized by alternate periods of elation and depression, 
loss of appetite and weight, insomnia and moral degenera- 
tion. Sensory han|tcinations are common. Cocaine is fre- 
quently taken by addicts as a snuff, which may lead to nasal 
abscesses. 

The acute toxic effects of cocaine are those of central 
stimulation, followed by depression, and stimulation of the 
sympathetic nervous system. The latter effect is apparently 
due to a suppressive action on the amine oxidase (see Chap- 
ter 11) and is manifested by such effects as pupillary dila- 
tion, vasoconstriction and tachycardia. Cocaine has a 
pyretic action, possibly due to a direct action on the tem- 
perature-regulating center. 

Procaine (novocaine) was prepared by Einhom in Ger- 
many in 1905. It is much less toxic and almost as effective 
by injection as cocaine, although it is not so rapidly ab- 
sorbed from mucous surfaces. It is probably the most widely 
used agent for injection anesthesia. It does not possess the 
habit-forming properties or the sympathomimetic action of 
cocaine. 

Procaine is detoxified rapidly by the liver and may be 
administered intravenously if injections are given slowly and 
high dilutions of the drug are used. Intravenous procaine 
has recently been used in the treatment of painful bums 
and injuries and in childbirth. It aoparentlv affects the 
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in 1904 and still finds some use, particularly in Europe, as 
a spinal anesthetic. It is irritating, however, and highly toxic. 

REFRIGERATION ANESTHESIA 
Refrigeration anesthesia was introduced by Allen in 1941. 
It is applicable only to the extremities. Surgery may be 
effected with a minimum of shock and blood loss. It is of 
particular value for amputations of severely traumatized 
or gangrenous lirnbs. Ateorption of toxic products is pre- 
vented by the application of a tourniquet, and pain is alI^ 
viated by a rapid cooling of the limb to from 2° to 8° C. by 
application of ice or by a refrigeration machine. At this 
temperature, the activity of the tissues is suspended and 
the spread of infections halted; hence, amputation can be 
delayed for several days if necessary. Refrigeration with- 
out tourniquet has on occasion saved a badly infected limb 
that would otherwise have had to be amputated. 

PREPARATIONS 
Cocaine U.S.P.; B.P. 

Cocaine hydrochloride U.S.P.; B.P. 

' Procaine hydrochloride U.S.P. ; B.P. Procaine borate N.NJh 
Procaine nitrate N.N.R. 

Tetracaine hydrochloride U.S.P. Amethocaine hydrochlo- 
ride B.P 

Phenacaine hydrochloride U.S.P. 

Ethyl aminobenzoate U.S.P. Benzocaine B.P. 

Ethyl aminobenzoate ointment U.S.P. ; S per cent ethyl 
aminobenzoate in white ointment. 

Butacaine svJJate V.S.P. 

Butyl aminobenzoate U.S.P. 

Amylocaine hydrochloride B.P, 

Amydricaine hydrochloride N.N.R. 

Amylsine hydrochloride NJ4.R. 

Apothesine hydrochloride N.N.R. 

Diothane hydrochloride NJ4.R. 
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Hypnotics, with the exception of morphine, do not relieve 
pain though they may dull the consciousness of pain per* 
ception sufficiently to permit sleep. Ideally, a hypnotic should 
have no subsidiary effects on the circulation, respiration or 
metabolism. It should cause no pre-excitement or post- 
depression and should rapidly produce a natural sleep from 
which the patient awakes refreshed and relaxed. The efficacy 
of a hypnotic is enhanced if, in addition, sleep-inducing 
conditions such as a quiet and darkened room, adequate 
warmth and the absence of exciting stimuli are provided. 

BARBITUIMTES 

Barbituric-acid derivatives were introduced into medicine 
in 1903 when the hypnotic action of diethyl barbituric acid 
(barbital, veronal) was established by FiseW and von 
Mering. Since that time, hundreds of derivatives have been 
studied, partly because of the ease with which such com* 
pounds can be prepared and tested and partly because of 
the great demand for barbiturates not only as hypnotics but 
also as sedatives, anticonvulsants, basal anesthetics and 
general anesthetics. 

Chemistry. Barbituric acid (malonyl urea) is prepared by 
the condensation of urea with malonic add: ^ 
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The replacement of both hydrogen atoms in position 5 by 
alkyl or aryl groups results in compounds with a hypnotic 
action. If the substituting groups are chemically stable, the 
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Classification, Barbiturates can be conveniently classi- 
fied according to duration of hypnotic action. Barbiturates 
with a long action include phenobarbital (luminal) and 
barbital (veronal); wlUxan intermediate action, 
probarbital (ipral), alurate and neonal; with a short action, 
nostal, ortai, pentobarbital (nembutal), phanodorn, pernos- 
ton, seconal, sandoptal and vinbarbital ; and with an ultra- 
short action, effective only when given intravenously, hexo-’ 
barbital (evipal) and thiopental sodium (pentothal). 

Clinical Uses. The most common use of barbiturates is 
for the treatment of insomnia. Their use as basal and general 
anesthetics is discussed in Chapter S. They are effective 
antidotes for convulsant poisons, pentobarbital and amytal 
being probably the most useful drugs for this purpose. 
Amytal has found special use in psychiatry to produce a 
state comparable to hypnosis (amytal interview) in 'which 
the patient will talk freely and be susceptible to suggestions. 
The use of phenobarbital in the treatment of epilepsy ia 
discussed under antiepileptic drugs in this chapter. 

Toxicity and Antidotes. Acute barbiturate poisoning, 
either from accidental overdosage or from suiddal attempts 
is one of the most common forms of drug toxicity encoun- 
tered in present-day practice. The symptoms are nonspedfic. 
Usually there is confusion, ataxia, vomiting, motor excite- 
ment followed by coma, shallow, rapid respiration, fixed 
miotic pupils, thready pulse, low blood pressure and absence 
of reflexes. The specific antidote for barbiturate poisoning is 
picrotoxin. It should be given in small repeated doses or by 
continuous infusion at the rate of approximately 1 mg. per 
minute until the wink reflex returns. The dosage can then 
be reduced but the drug should not be discontinued until 
consciousness returns since it is rapidly detoxified by the 
body, following which severe depression may again set in. 
Supportive measures include gastric lavage and intravenous 
fluids to promote diuresis and thus assist in the removal of 
the drug*. Artificial respiration may be necessary if the 
respiraUon is greaUy depressed. 
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Chloral hydrate was introduced into medicine by Lieb- 
reich in 1869. It achieved immediate popularity as a hyp- 
notic, morphine being the only other such drug available at 
‘ that time. It still remains one of the safest, best and least 
expensive hypnotics. It acts rapidly because of its ready 
solubility and produces a natural sleep of short duration. 
Chemically related substances with similar though some- 
what weaker hypnotic effect include butyl chloral hydrate 
and chloro-butanol (diloretone). The latter compound is 
is also a mild local anesthetic, antiseptic and preservative. 

Disadvantages of chloral hydrate include its pungent odor 
and bitter taste and its habit-forming tendencies. It is some- 
what irritating to mucous membranes unless adequately 
diluted with water. It should not be used in patients with 
gastritis. In therapeutic doses, it is probably not toxic to the 
heart though it should be used with caution in the presence 
of heart disease. The fatal dose of chloral hydrate Js usually 
considered to be about 10 Gm. though fatalities have resulted 
from considerably less. Toxic effects include' cardiac and 
respiratory depression. Treatment consists of the use of 
' central nervous system stimulants, intravenous fluids and 
good nursing care. Introduction of chloral as a hypnotic was 
due to the fact that Liebreich thought it was decomposed in 
the body to chloroform and formates, a reaction known to 
occur in the presence of alkalis. It is now known to circulate 
unchanged in the body and to be excreted conjugated with 
glucuronic acid as urochloralic acid. 

PARALDEHYDE 

(CHjCHO), 

Paraldehyde was introduced as a hypnotic by Cervello 
in 1882. It is a remarkably safe and rapidly acting drug.' Its 
chief use is in mental institutions to tranquillize excited 
> patients. It has recently been used for preoperative sedation 
and to produce analgesia and amnesia in childbirth. It is 
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Their usefulness as k3rpnotic agents is limited by the fact 
that their full effect does not develop with a single dose 
while administration over prolonged periods may lead to 
chronic bromide intoxication (bromism). Both inorganic 
(sodium, potassium and ammonium salts) and organic prep^- 
arations (bromural'carbromal) are available. The latter are 
generally less toxic, less effective hypnotics and are more 
expensive. A number of patent headache remedies and cold 
cures contain bromides and are not infrequently the cause of 
bromism through self-medication. 

Symptoms of bromide poisoning include headache, rest- 
lessness, diminished power of concentration, mental confu- 
sion and delirium. Bromide rashes occur rather frequently 
and are probably due to an idiosyncrasy toward the drug. 
The effect of bromides is determined by the degree of sub- 
stitution of bromide ions for chloride ions in the body. 
Decrease of sodium-chloride intake will increase the rate of 
substitution. Sjroptoms of toxicity will usually appear be- 
fore a 40 per cent substitution is attained. Treatment of 
bromism consists of the oral or intravenous administration 
of sodium chloride to displace the bromide ion by chloride. 

ANTIEPILEPTIC DRUGS^, 

Antiepileptic drugs are agents used in the treatment of 
epilepsy. They are frequently referred to as anticonvulsants 
though they' do not necessarily control convulsions other 
than those of epilepsy. Epileptic seizures are usually classi- 
fied into three main types on the basis of clinical mani- 
festations and electrbencephalographic records. 

Grand-mal seizures are characterized by convulsions and 
by the rapid rhythm of the brain waves. 

Peht-mal seizures consist of temporary lapses of con- 
sciousness with immobility or with slight muscular twitch- 
ing or jerking, usxially confined to the eyelids or the brow. 
The brain records generally show alternating slow and 
fast rhythms. 
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sible. It is usually administered orally in tablets but if 
necessary can be injected intravenously or intramusculariy 
in the form of the sodium salt. There is some disagreement 
as to whether it impairs the mentality after prolonged 
medication. It usually has a sedative and depressant effect 
causing the patient to feel drowsy and dull. The sudden 
withdrawal of phenobarbital frequently results in the pre* 
cipitation of a series of epileptic seizures so that if another 
drug is' to be substituted, phenobarbital should be with- 
drawn gradually over a period of weeks. 

The barbiturate mebaral or prominal (N-methyl, eChyl- 
phenyl barbituric acid) is sometimes used in place of 
phenobarbital, especially in Europe. It is less toxic than 
phenobarbital and is said to have a less depressing effect. 



Diphenylhydantom 


Diphenylhydantoin sodium (dilantin) was introduced in 
1937 by Putnam and Merritt after a systematic evaluation 
of the anticonvulsant activity of a large number of drugs by 
animal experimentation. It is structurally analogous to the 
barbiturates, being derived from glycolyl urea instead of 
malonyl urea. In therapeutic dosage, it has a relatively weak 
hypnotic and sedative action. It is most effective in grand- 
mal and psychomotor seizures and relatively ineffective in 
petit mal. It is frequently administered along with pheno- 
barbifal, a combination of the two drugs being often ’more 
effective than either alone. Even with therapeutic doses, 
annoying toxic symptoms may occur so that administration 
should be under careful medical supervision. Toxic effects 




puE JEUI ipad m anpiA aiqEiEpisuoD jo SAOjd jtEui p jEm 
aiEDniii! sjjodai isoiuno XiEnnuipid -saiiMdoJd iuesihadod 
- pUE PUE OISESpOE ‘EllOndXq ssassod ipiqAV sStup JO SOIKS 
E JO iaqniaui e si anoipux -(SDoipip) oooipEijjamui 


c )0 0=0 


0 = 0 - 


I £ 
-N-'"HO 


•Ennidouisos pUB Eui3p9 ‘suoisaj nj:js 
‘sinicjadiiiai ur asa g apnpai tpiqAi ‘saot;Bisa;iaGm 
JO asnGoaq mou pasn apm si ii ’GSJOip jo juauiiGsaj atp m 
pasn XiapiAi JajBj sgm ji -aAijGpas puB DijoucLCq b sb 6161 
jnoqG paonpoijui sbm. (oiojaGpXqiiCipajiCuaqd) ioubajijj 

•Snjp aqj 

oj ODUBjaioj dojaAap sjaaijed amos jBqj aouapiAa si aiaqj 



'jaAaMOH 'BisBidjadXq mn3 JO uopBuipio-ooui iBinosnui jo 
uoipnpojd aqi sb qons ‘uiojuBpXqi^uaqdip jo sajnqiapB aiqB 
-jisapun aqj jo auios qoBj oj SJGaddB 'sajnzias pra-puBaS 
JO juauipap aqj JOj paonpojjui uaaq i^puaoai sBq (moj 
-UBuaqd ‘uiojUBsaui) uiowBpXqi^maiXuaqd ‘liCqiaiq-N 

•uinuqap puB suoijBnpnpBq 
asTiBD Xbui i?nBaoTSB3Do puB joajjo SuTssajdap v UBqj jaqjBJ 
SuijBinuiijs V aABq oj spaaj Snip aqj /[liBuipiQ 'taspnsijq 
Xn^uoisBoao puB 'smnS aqj jo BisBjdiadXq ‘saqsBJ uiqs 
‘siasdn [Bupsajui-oijSBS ‘aoijGujpao-ODui jBinosnui apnpui 


18 


sSnaci apdaiidaijuv 


82 


Hypnotics and Sedatives 


psychomotor seizures. It is of little value in the treatment 
of grand mal, and may even be harmful in this condition. 
Its most outstanding toxic effects are the production of 
photophobia and disturbances of color vision. Other toxic 
S 5 miptoms include gastric upsets, skin eruptions, light- 
headedness and drowsiness. Recently, blood changes have 
been reported following the use of trimethadione, including 
fatal cases of aplastic anemia, indicating that the drug 
should be used cautiously, until its toxic and therapeutic 
potentialities are more fully evaluated. 

Miscellaneous Agents- Petit mal is occasionally suc- 
cessfully treated with stimulants such as caffeine and 
amphetamine sulfate. The production of acidosis or of 
ketosis and the administration of glutamic acid have also 
been advocated but the regimens are usually distasteful 
to the patient and the results for the most part are dis- 
appointing. 

PREPARATIONS 
Barbital U.S.P.; B.P. 300 mg. 

Barbital tablets U.S.P.; B.P. Usually contain 300 mg. bar- 
bital. 

Barbital sodium (soluble barbital) U.S.P.; B.P. 
Barbital-sodium tablets UE.P.; B.P. Usually contain 300 
mg. barbital sodium. 

Phenobarbital U.S.P. ; B.P. 15-100 mg. 

Phenobarbital sodium (soluble phenobarbital) U.S.P.; B.P., 
Phenobarbital tablets U.S.P.; B.P.. Usually 15, 30 and- 
100 mg. 

Phenobarbital-sodium tablets U.S.P.; B,P. Usually 30 and 

. 100 mg. 

Elixir of phenobarbital UE.P. Contains not less than 0.37 
Gm. or more than 0.43 Gm. phenobarbital in 100 cc. 
Pentobarbital sodium U.S.P-; B.P. 100 mg. 
Pentobarbital-sodium tablets U.S.P. Usually 30, 50 and 

100 mg. 
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psychomotor seizures. It is of little value in the treatment 
of grand mal, and may even be harmful in this condition. 
Its most outstanding toxic effects are the production of 
photophobia and disturbances of color vision. Other toxic 
S3miptoms include gastric upsets, skin eruptions, light* 
headedness and drowsiness. Recently, blood changes have 
been reported following the use of trfmethadione, including 
fatal cases of aplastic anemia, indicating that the drug 
should be used cautiously, until its toxic and therapeutic 
potentialities are more fully evaluated. 

Miscellaneous Agents. Petit mal is occasionally suc- 
cessfully treated with stimulants such as caffeine and 
amphetamine sulfate. The production of acidosis or of 
ketosis and the administration of glutamic acid have also 
been advocated but the regimens are usually distasteful 
to the patient and the results for the most part are dis- 
appointing. 

PREPARATIONS 
Barbital U.S.P.; B.P. 300 mg. 

Barbital tablets U.S.P.; B.P. Usually contain 300 mg. bar- 
bital. 

Barbital sodium (soluble barbital) U.S.P.; B.P. 
Barbital-sodium tablets U.S.P.; B.P. Usually contain 300 
mg. barbital sodium. 

Phenobarbital U.S.P. ; B.P. 15-100 mg, 

Phenobarbital sodium (soluble phenobarbital) U.S.P.; B.P._ 
Phenobarbital tablets U.S.P.; B.P.. Usually IS, 30 and- 
100 mg. 

Phenobarbital-sodium tablets U.S.P.; B.P. Usually 30 and 
. 100 mg. 

Elixir of phenobarbital U.SP. Contains not less than 0.37 
Gm. or more than 0.43 Gm. phenobarbital in 100 cc. 
Pentobarbital sodium UBJ.; B.P. 100 mg. 
Pentobarbital-sodium tablets U.S.P. Usually 30, 50 and 

100 mg. 
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INTRODUCTION 
SALICYLATES 
ANTIPYRINE AND 
AillNOPYRINE 


ACETANILID AND ACETOPHENETIDIN 
CINCHOPEN AND 
NEOCINCHOPHEN 
PREPARATIONS i 


. INTRODUCTION 

Analgesics are agents which relieve pain without pro- 
ducing loss of consciousness. Their site of action may be on 
the peripheral pain receptors, on the afferent sensory nerves 
or on the pain centers either in the hypothalamus or in the 
cortex. The peripherally acting analgesics include the local 
anesthetics and possibly the counterirritants, although there 
is some evidence that the pain-relieving action of the latter 
is a central effect. Drugs which depress the bypothalanac 
pain centers usually depress the temperature-regulating cen- 
ter as well, and hence are known as antipyretic andgesics. 
The analgesics which act on the pain centers in the cortex 
include morphine and allied drugs as well as hypnotics which 
alter the reactions to pain without greatly raising the pain 
threshold. Conversely, analgesics may have a hypnotic effect 
by depressing painful stimuli and permitting a relaxation 
conducive to sleep. 

Antipyretics are agents which lower the temperature in 
febrile conditions without materially affecting the normal 
temperature, at least in therapeutic doses. Antipyresis can 
be effected by physical means such as cold sponges and 
baths ; by specific chemotherapeutic agents such as the sul- 
fonamides and antibiotics; by drugs which slow the circu- 
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green). Although salit^lic acid itself was first introduced 
into medicine in 1875, decoctions of willow bark were used 
as febrifuges for centuries before it was known that thek 
effectiveness was due to the glucoside saltcin, which yields 
salicylic acid on hydrolysis. Salicylic acid is irritating to the 
gastric mucosa and frequently causes nausea’and vomiting. 
It has been replaced for internal use by sodium salicylate 
and acetylsalicylic acid, introduced in 1899 and 1908, re- 
spectively. Externally, salicylic acid is used as a keratoJytic 
and mild antiseptic in dermatologic preparations. Methyl 
salicylate is a liquid extremely irritating to mucous mem- 
branes. It is used as a counterirritant; applied to the skin, 
it relieves the pain of sprains and afflictions of the joints. 

Salicylate Therapy of Rheumatic Fever. Since the 
introduction of salicylic add into medicine, the salicylates 
have proved to be the most effective drugs for the treatment 
of rheumatic fever. Even in low doses these drugs relieve 
the symptoms of acute rheumatic fever, but it is question- 
able whether they actually cut down the number of sub- 
sequent attacks or affect the prognosis as far as the heart is 
concerned. Since the cause of rheumatic fever Is still ob- 
scure, the use of the salicylates in this disease is at present 
empirical. 

Sodium salicylate and acetylsalicylic acid are the two 
most commonly used drugs in rheumatic-fever therapy. H 
is now generally believed that the best results are achieved 
by maintaining a plasma-salicylate level of at least from 
25 to 35 mg. per cent, which requires doses of about 10 Gm. 
per day. Suti high doses usually cause some toxic symp- 
toms, but the treatment need not be discoutiuved unless 
these become too severe. Administration may be either 
oral, rectal or intravenous. When sodium salicylate is given 
orally, sodium bicarbonate may be given to neutralize the 
addity and reduce the gastric irritation. However, unless 
minimal amounts of bicarbonate are used, the salicylate- 
plasma level will be reduced because of an increased urinary 
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green). Although sali^lic acid itself was first introduced 
into medicine in 1875, decoctions of willow bark were used 
as febrifuges for centuries before it was known that their 
effectiveness was due to the glucoside saltcin, which yields 
salicylic acid on hydrolysis. Salicylic acid is irritating to the 
gastric mucosa and frequently causes nausea and vomiting. 
It has been replaced for internal use by sodium salicylate 
and acetylsalicylic acid, introduced in 1899 and 1908, re- 
spectively. Externally, salicylic acid is used as a keratolytic 
and mild antiseptic in dermatologic preparations. Methyl 
salicylate is a liquid extremely irritating to mucous 
branes. It is used as a counlerirritant; applied to the skin, 
it relieves the pain of sprains and afflictions of the joints. 

Salicylate Therapy of Rheumatic Fever. Since the 
Introduction of salicylic add into medicine, the salicylates 
have proved to be the most effective drugs for the trcatmen 
of rheumatic fever. Even in low doses these drugs relieve 
the symptoms of acute rheumatic fever, but it is question 
able whether they actually cut down the number of su^, 
sequent attacks or affect the prognosis as far as the ® 
concerned. Since the cause of rheumatic fever is still ob- 
scure, the use of the salicylates in this disease is at presen 
empirical. 

Sodium salicylate and acetylsalicylic acid are the two 
most commonly used drugs in rheumatic-fever therapy. 
is now' generally believed that the best results are achieved 
by maintaining a plasma-salicylate level of at least from 
25 to 35 mg. per cent, whidi requires doses of about 10 Gm. 
per day. Such high doses usually cause some toxic symp* 
toms, but the treatment need not be discontinued unless 
these become too severe. Administration may be either 
oral rectal or intravenous. When sodium salicylate is given 
orally, sodium bicarbonate may be given to neutralize the 
addity and reduce the gastric irritation. However, unless 
• minimal amounts of bicarbonate are used, the salicylate- 
plasma level will be reduced because of an increased urinary 
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the drug. Recent work, however, suggests that the salicyl- 
ates may actually cause hemorrhage by an increase in dot- 
ting time. Link and his associates found that dicumerol, the 
toxic substance in spoiled sweet clover, causes a prothrom- 
bopenia in vivo but not in vitro. They suggested that sah- 
cylic acid, one of the breakdown products of dici^erol in 
the body, might be responsible for the prothrombin redac- 
tion. Studies on patients have shown that prolonged sali- 
cylate therapy does cause the prothrombin level to fa , 
though there is some difference of opinion as to whether this 
fall reaches a dangerous level. Since serious hemorrhages, 
have been known to occur during salicylate therapy, it 
been suggested that patients whose prothrombin level ^ 
appreciably lowered receive prophylactic doses of vitamin K. 

ANTIPYRINE AND AMINOPYRINE 



i 1 II 

CH3 CH3 CH3 CH3 


Antipyrine Aminopyrine 

Antipyrine and Aminopyrine. The introduction of s^* 
cylic acid into medicine stimulated the search for other 
synthetic antipyretics. The antipyretic properties of the 
Dwazolone antipyrine (phenazone) were accidentally dis- 
covered by Kuorr in 1884, and a few years later the re- 
lated compound aminopyrine (pyramidon) was introduced. 

' This drug is probably the most effective of the antip^etic 
analf^esics and at one time was used in many proprietary 



-op 9J3M snooio mumnc oqj jo soiijocIojcI snouostod oiix 
•aumipio:) PIOICJIR aq? ^uiaq luoSc OAiptj oq^ •spuumjttv 
tunomoioj ‘snoojD umninc oqi jo uiaoD oqi ao spaas oqi mojj 
poJBdojd S! II 'jopjosip siq? JO juatuicaji aq; ui aoioqo jo 
Snip oqi nps Xjqcqoid si putqnoS joj Xpouioi u/ioiri 

oq; SI lunojqoio^ ’inor) jo ^usuiiBoax am umoiqoioo 

•uojWuiJOj -jaojn jo iCpnjs jujuauiiaadxo 
om JOJ poqjaui b opjAOjd *j9A3A\oq ‘soop Ji ‘snouuouo XpAji 
-Bioj 9JB sosop iBjuouiiJodsa aqj aouts ‘uuui ui sjaoin opda'd 
JO 9sntJD juBjJoduiT UB SI uaqdoqoup juq} aitjoipm lou saop 
siqx ‘sSop 01 sjooin oujstS Sutonpoad jo si suojibji; 
-doad uaqdoqoup aiuos jo iCjaadoad snotano y 'uistiXoips jo 
osoqi oiqmasoj Suiuostod uaqdoipup jo suiojduiiCs pqiq 
•BpodooBuiJuqj sojiqg 
pojtuu oqi uioaj uaqdoqoup jo uoippp aqj oj pa^ stq puB 
ssou^njasn apqi sqSpMjno jbj paBzuq ppuajod jiaq; OAaipq 
oj soBpisXqd XuBui posnoo scq sJlnap paiBpa pus uaqd 
•oipup JO Xjprxoj 9/qBpipajdun sjqx ‘P^*^*JP“oosip uaaq 
snq Snap oqj Joijij sjjoom dopAap Xbui Xaqj jo ‘Xjiupdmi 
?U0JBddB qjTAV oiup JO spou9d 2uo{ joao uoqsj uooq SBq Snap 
oq; J9JJB JO sasop kbius Xjoa jajjn dopAap Xbiu suiojduiXg 
•ajniBJajq aqi ui pajjodaj uaaq pcq sasBO 16I ^9C61 ^q pnn 
*iZ6\ ■“! paiJodai jsjq sbm uaqdoqoup jo asn aqj SuiAioqoj 
aoipunef 'XqdojjB MOjpX SuijBuiuqnj m aiBuiouaj Xcui 
qoiqAA 'spnpiATpui aiqpdaosns uj oSniuBp JaAq jo uoipnp 
•ojd axp si oaqdoqaupoau oixoj ssaj pqAi 

-ouios aqj JO oqn Xiqnqojd poB oaqdoqoup jo anpA aqx 
•Xaupiq oqi jo XiqiqBauiJod pasnaiDui XpAipaps b oj anp 
aq oj UAioqs oaaq sBq uoipjoxa ppB-oun ui asBaJoni aqx 
•pajBuiuiip JO paonpaj ojb iqdoi pioB-oun ]njuiBd aqj pun 
pasBOJOUT SI uoxjaJDxa pioB-oijn aqj ouiij atuBs aqj jb puB 
jaipj OjjBiuojduiXs aAiS (uisXpj) uaqdoqoupoau aAipAiaap 
sji puB uaqdoqoop ‘pooisjapun Xqnj jou si jnoS jo XSoppa 
aqj qSnoqiiv sapjadojd snojaSoBp s?r [pan 

'saipauiaj sijuqjiB puB „sojrio ppo,, ?oajBd jo juajpaiSm 
ubuiuioD B SBAi Ji ‘OTBd jo-jaipj aqj joj pun JOAaj oipni 


f6 uaqdoqoujooaiq puB uaqdoqaui^ 



92 


Antipyretic Analgesics 


AcetaniJid (antifebrine) was introduced in 18S6, and 
acetophenetidin (phenacetin) a year later. When first in- 
troduced, these drugs were largely used as antipyretics, 
while acetaniiid was also used as an antiseptic on open 
wounds and ulcers. The large doses employed proved quite 
toxic ; when used in analgesic doses, these drugs are rela- 
tively harmless. Both are metabolized in the human body 
to para-aminophenol, which is probably the active agent 
but which is too toxic for clinical use, as are also the two 
'^mother substances/' aniline and phenol. 

Acetaniiid and acetophenetidin are commonly used in 
various proprietary remedies, often in combination with 
other drugs, such as bromides. Repeated use of these prep- 
arations may give rise to habituation and chronic poisoning, 
characterized by cyanosis, anemia, cardiac weakness and 
mental confusion. In acute poisoning, there is a rapid fall 
in body temperature accompanied by symptoms of collapse. 
Acetaniiid and, to a lesser degree, acetophenetidin, produce 
methemoglobinemia and occasionally sulfhemoglobinemia, 
which accounts for the cyanosis. It is doubtful whether the 
methemoglobinemia per se is an important factor in their 
toxicity. In some species of animals, little or no methemo- 
globinemia is produced. 

CINCHOPHEN AND NEOCINCHOPHEN 




Cinchophen (atophan) was introduced into medicine in 
1908. It is used mainly for the treatment of gout and rheu- 
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scribed by Dioscorides, while its value in the treatment of 
gout was recognized by the Arabians in the Middle Ages. 
The mechanism of its action is not known ; it does not affect 
the uric«acid output. It will relieve the pain of acute attacks 
or abort impending attacks of gout. It is extremely toxic, 
causing gastro-intestinal irritation and renal damage. 

Coldiicine arrests mitosis in the metaphase and has , 
proved a useful tool in histologic studies, while its ability to 
cause doubling of the chromosomes has led to the develop- 
ment of giant“Size flowers. It has been tried clinically to 
arrest neoplastic growths. Results have been disappointing, 
however, and several fataliti^ have followed its use. 

When applied locally to the epidermis, colchicine produces 
degenerative cellular changes which lead to cell death. 
Similar changes are produced by the resin podophyllum, 
formerly used as a drastic cathartic. Both podophylluuJ 
and colchicine have recently been shown to be of value in 
the treatment of condylomata acuminata. 

PREPARATIONS 
Sodium salicylate U.S.P. ; B.P. 1 Gm. 

Sodium-salicylate tablets U.S.P.; B.P. Usually available as 
0.3 and 0.6 Gm. tablets. 

Acetylsalicylic acid U.SP.; BJ*. 0.3 Gm. 
Acetylsalicylic-^acid tablets U.S.P. Usually available as 
60 mg. and 300 mg. tablets. 

Phenetsal (acetyl-paraminophenol salicylate) 0.3- 

1 Gm. 

Salysal (salicylic ester of salicylic acid) N.N.R. 0.3-0.6Gm. 
Ethyi salicyJate 0.3-0.5 cc. 

Sal-ethyl carbonate {carbonic-acid ester of ethyl salicylate) 
NJ^.R. 0.3-1 Gm. 

Phenazone (antipyrine) B 0.3-0.6 Gm- 
Tablefs of phenazone B.P. 

Aminopyrine U.S.P. ; amidopyrine B.P. 0.3 Gm. 

Aminopyrine tablets UB.P. OJ Gm. tablets. 
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Morphine and Allied Drugs 

and opium, is included in the British Pharmacopoeia. It is 
a powerful diaphoretic and expectorant, used in the treat- 
ment of coughs and colds. Opium preparations have been 
applied locally for the relief of pain but it is doubtful if 
they are of any value in this respect. Pantopon (omnopon), 
an artificially prepared mixture of the chief opium alka- 
loids, can, unlike opium, be administered hypodermically. 
It offers no special advantages over morphine. 

PlIABMACOLOGY 

Central Nervous System. The action of morphine on the 
central nervous system varies in different species and to 
some extent in different individuals. In man, the characteris- 
tic effects are depression of the cortical and subcortical 
structures and of the medulla, and stimulation of the cord. 
The cortical depression fs manifested by an mattentiveness 
to external stimuli, a dulling of pain sensation, a feeling 
of well-being and a tendenQf to sleep. These reactions arc 
the basis of the clinical usefulness of the drug. Respiration 
is slowed and the cough reflex is depressed. The depressing 
effect of morphine on respiration is one of the serious draw- 
backs to its general clinical use. It is a matter of dispute as 
to whether the effect is due to a primary depression of the 
respiratory center or secondarily through an increase m 
the pH of the blood or a reduced need for o^gen because 
of the decrease in general metabolism. Stimulation of the 
cord is usually mild in man but may be quite marked in 
certain animals. Morphine convulsions are strychnine-like . 
in character; there is some evidence that they result from 
stimulation of certain higher centers as well as centers of 
the spinal cord. 

In the cat family, morphine regularly produces a marked 
cerebral stimulation instead of the depression character- 
istically found in man. In some human subjects, however, 
the drug causes a wild excitement, which is either due to a 
direct stimulating action or to the depression of inhibitory 
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constriction occurs in man, morphine should be used with 
caution in asthma when sensitivity may be increased. 

Intestinal Tract. Morphine has a marked constipating 
action due to a delayed emptying of the stomach, decreased 
activity of the stomach musculature and spasms of the 
i pyloric sphincter. Furthermore, while the tone and tbe 
activity of intestinal musculature may be increased, the 
rate of passage of the contents is decreased. Vomiting may 
occur because of an initial stimulation of the vomiting 
center. 

Urinary Tract. Morphine causes a retention of urine due 
in part to spasm of the vesical sphincter. It also has an 
antidiuretic effect, which is apparently mediated through 
stimulation of the neural lobe of the hypophysis and r^ 
lease of the antidiuretic (pressor) hormone. 


Metabolism 

The chief route of morphine excretion is by the urine, 
in which it appears both free and in conjugated form. 
Traces of morphine are found In the feces and perspiration 
and possibly also in milk and saliva. A certain amount is 
destroyed in the body, probably by the liver. It has boon 
shown that the addicted or tolerant dog destroys consider- 
ably more morphine than the normal dog and excretes a 
smaller fraction in the conjugated form, a situation which 
probably also obtains in man. 


I CiiNJCAir Uses 

Morphine is the most effective agent for the relief of 
pain, but because of its addicting properties it should, m 
general, only be used when a nonaddicting analgesic will 
not suffice. It will relieve all types of pain, such as that 
from coronary occlusion, biliary or renal colic, migraine, 
pleurisy and severe injuries. 

Although morphine relieves the pain of biliary and renal 
colic by its central analgesic action, it tends to aggravate 
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bits, however, revealed a striking prolongation of labor 
with increased incidence of stillbirths following morphiae, 

Toxicity 

Acute morphine poisoning may occur from accidental ' 
or criminal overdosage or in individuals who tolerate the 
drug poorly. It is characterized by extreme miosis (‘‘pin- 
point” pupils), markedly slowed respiration, cold, clammy 
skin and coma. Treatment consists of prolonged artificial 
respiration, if possible with oxygen. The patient should not 
be exhausted by stimulant drugs or physical means such as 
“walking the floor.” Morphine re-excreted into the stomach 
can be removed by gastric lavage and reabsorption from 
the bowel can be prevented by colonic lavage; the amount 
of morphine removed by these means is insignificant, how- 
ever, except when the drug has been taken by mouth. Sup- 
portive treatment includes the use of intravenous glucose 
and the maintenance of body temperature. Good nursing 
care is of the utmost importance. 

The subcutaneous injection of morphine is brdinanly 
followed by a rapid response. When the circulation is in- 
adequate, as in shocked patients, especially those exposed 
to cold, absorption may be delayed and the continued pain 
may lead to the administration of one or more additional 
doses of morphine. When shock treatment is instituted 
and the circulation improves, tie several doses of morphine 
may be absorbed simultaneously and may act as one mas- 
sive dose. The symptoms and treatment of this delayed 
poisoning are those of acute morphine poisoning. Prophy- 
lactic measures include intramuscular injection with mas- 
sage of the site of administration in all shocked or hypo- 
tensive patients. If circumstances permit, the intravenous 
administration of small doses of the drug will insure rapid 
development of the full effects and Trill obviate the danger 
of delayed poisoning. 
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quacies in the personality of the addict. Intensive studies 
are being carried out under the direction of the Committee 
of Drug Addiction of the National Research Council by the 
U. S. Public Health Service and a number of collaborating 
institutions, with a view to determining the exact nature of 
addiction and to obtaining nonaddicting morphine substi- 
tutes. As yet, no comparable analgesic agent has been 
developed which does not have addicting tendencies. Among 
the most promising derivatives studied are metapon (meth- 
yldihydromorphinone) and desomorphine (dihydrodesoxy- 
morphine-D). Desomorphine has an effective analgesic ac- 
tion in very small doses but its action is of shorter duration 
and less reliable than that of morphine, while its addicting 
properties are comparable to those of morphine. Metapon 
is an excellent an^gesic for the control of chronic pain; 
tolerance and dependence are developed more slowly than 
with morphine and are apparently lost quite rapidly during 
short periods of abstinence. It is not satisfactory for pre- 
anesthetic medication, however, since it has only a slight 
j hypnotic effect and occasionally causes severe respira- 
tory depression when used in conjunction with inhalation 
anesthetics. 

The production, manufacture and distribution of addict- 
ing drugs is regulated by the Harrison Narcotic Act, passed 
in 1914, and its several amendments. The act covers "opium 
and coca leaves, and compounds, manufactures, salts, de- 
rivatives or preparations thereof." jSuch drugs can only 
be prescribed by physidans possessing a narcotics license, 
which must be renewed yearly. All prescriptions must be 
made on official narcotic order forms and must bear the 
physician’s license number. They are not refillable. Certain 
preparations containing only small amounts of restricted 
drugs are'exempt, as are preparations for external applica- 
tion only, except for those containing cocaine. Exempt 
preparations include those containing no more than 2 grains 
’ of opiuui, 54 grain of morphine, % grain of heroin or 1 
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Codeine was first isolated from opium in 1832 by Robi* 
quet and came into general clinical use in 1880. It is pre- 
pared commercially largely by the methylation of mor- 
> phine, only small amounts being obtained from opium dur- 
ing the extraction of morphine. It is used mainly for the 
relief of cough and of moderately severe pain. It has defi- 
nitely weaker analgesic, respiratory, depressant, emetic 
and intestinal effects than morphine. It is less addictive 
than morphine, though, in some cases, withdrawal symptoms 
may be as severe as those following the withdrawal of mor- 
phine. Codeine causes less euphoria than morphine and is 
more costly in addiction-sustaining amounts. There is a 
cross tolerance between the two drugs, large doses of co 
deine relieving the withdrawal symptoms of morphine 
addicts. 

Dihydromorphmone hydrochloride (dilaudid) was intro- 
duced into Germany by Krehl in 1926. Its analgesic potency , 
is about four times that of morphine though its duration of 
action is shorter. While it is an efficient substitute for mor- 
phine, it has no therapeutic advantages and has equal or 
greater addicting properties. 

Heroin (diacetylmorphme, diamorphine) was introduced 
into Germany in IS98 by Dreser. At first considered to be a 
nonaddicting substitute for morphine and codeine, it was 
later found to be more addictive than morphine and its 
manufacture and importation is prohibited in the United 
States. 

Ethylmorphine (dionin) has an analgesic action inter- 
mediate between that ol codeine and morphine and has 
similar addicting properties. It is used chiefly in ophthal- 
mology in inflammatory conditions. It stimulates the vas- 
cular and lymphatic circulations by a dilating effect on the 
vessels and has a local anesthetic action on the conjuncti- 
val sac. 
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Morphine and Allied Drugs 


Codeine was first isolated from opium in 1832 by Robi- 
quet and came into general clinical use in 1880. It is pre- 
pared commercially largely by the methylation of mor- 
phine, only small amounts being obtained from opium dur- 
ing the extraction of morphine. It is used mainly for tie 
relief of cough and of moderately severe pain. It has defi- 
nitely weaker analgesic, respiratory, depressant, emetic 
and intestinal effects than morphine. It is less addictive 
than morphine, though, in some cases, withdrawal symptoms 
may be as severe as those following the withdrawal of mor- 
phine. Codeine causes less euphoria than morphine and is 
more costly in addiction-sustaining amounts. There is a 
cross tolerance between the two drugs, large doses o «<> 
deine relieving the withdrawal symptoms of morpton 


addicts. 

Dihydromorphinone hydrochloride (dilaudid) was intro- 
duced into Germany by Krehl in 1926. Its analgesic poten^ . 
is about four times that of morphine though its duration 
action is shorter. While it is an efficient substitute for mor- 
phine, it has no therapeutic advantages and has equa 
greater addicting properties. ^ , 

Heroin (diacetylmorphine, diamorphine) was mtroduc 
into Germany in 1898 by Dreser. At first considered to be a 
nonaddicting substitute for morphine and codeine, it ^ 
later found to he more addictive than^ morphine 
manufacture and importation is prohibited in the Uni e 


States. 

Ethylmorphine (dionin) has an analgesic action inter- 
mediate between that of codeine and morphine and M 
simiiar addicting properties. It is used chiefly rn »P>'“ ' 
mology in inflammatory conditions. It stimuiates the 
e-Ttlar and lymphatic circulations by a dilating effect on th 
vessels and has a local anesthetic action on the conjuncti- 
val sac. 
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^^orphine and Allied Drugs 


biliary and urinary colic since it has a direct spasmolytic 
effect in addition to a central analgesic action. 'It is also 
of value in the treatment of asthma because of its relaxing 
action on the bronchioles. It has recently been introduced 
for preancsthetic medication and for obstetric analgesia. 
It is said to be superior to morphine since it causes little 
or no respiratory depression, it decreases salivary secretion 
and does not markedly interfere with the pupillary reflex, 
and it is said to cause Jess postoperative nausea and vomit- 
ing than morphine. It has been claimed to hasten labor by 
a direct relaxing action on the uterine cervix. It must be 
combined with barbiturates or scopolamine if amnesia as 
well as analgesia is desired. 

Mild toxic actions following the use of isonipecaine in- 
clude giddiness, dryness of the mouth, nausea and vomiting, 
sweating, headache and anxiety. More severe toxic effects 
resemble those of atropine poisoning. 


METHADON 
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Recently, a new synthetic analgesic developed in Ger- 
many has given promising clinical results in a limited series 
of cases. The drug is the hydrochloride of 1, 1-diphenyl-l- 
( 2 idimethyJamlnopropyl)- 2 -butanone and is known as meth- 
adon, amidone, dolophine or 10820. 
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Morphine and Allied Drugs 


Diamorphine hydrochloride B.P. (Diacetylmorphine or 
heroin). 2-8 mg. 

Meperidine hydrochloride NJi.R. 0.05-0.1 Gm. 
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Methadon 
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Central Nervous System Stimulants 


on the higher centers is usually not very marked, though 
in some individuals it sharpens visual and auditory acuity. 

Strychnine poisoning not uncommonly results from crimi- 
nal activities or accidental ingestion of strychnine-contain- 
ing plants or medicinal preparations. , Consciousness is 
retained despite severe tonic convulsions which affect all 
muscles of the body. In the human, the body is arched 
back*in the position of opisthotonus. The convulsions are 
provoked by external stimuli, hence the patient must he 
kept completely quiet and in a darkened room, and no 
attempt should be made to pass a stomach tube or other- 
wise to disturb the patient. Short-acting barbiturates, 
administered intravenously, are probably the most effective 
antidotes. Death from strychnine poisoning usually resuUs 
from respiratory faOure due to e^austion of the respira- 
tory center. 

The manner in whidi strychnine increases reflex exata* 
bility is not fully understood. It has been found that small 
doses of strychnine inhibit the action of choline esterase, 
the enzyme which destroys acetylcholine. This suggests that 
the mode of action of strychnine might be somewhat 
analogous to that of physostigmine with the primary effect 
being located in the central nervous system rather than in 
the autonomic nervous system. 

Brucine, an alkaloid obtained during the preparation of 
strychnine, has very weak strychnine-like pharmacologic 
properties. Preparations of nux vomica, strychnine or bm- 
cine are used largely as tonics ; they stimulate the appetite 
because of their bitterness and increase the flow of salivap' 
and gastric secretions. Strychnine is frequently included to 
proprietary cathartics, allegedly to increase the tone of the 
intestinal musculature. ^ 

PICROTOXIN 

Picrotoxin is a glycoside obtained from the seed of 
mirta paniculata, a climbing plant indigenous to Malabar 
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METRAZOL 

* Metrazol (leptazol, cardiazol) was introduced into Ger- 
many by Schmidt, Hildebrandt and Krehl in 1925 as a 
water-soluble substitute for camphor, which was held in 
considerable repute on the Continent as a respiratory and 
cardiac stimulant. It was first known as cardiazol, a some- 
what misleading name, since the drug in therapeutic doses 
has little or no effect on the coronary flow, the heart rate 
or the blood pressure. Its chief pharmacologic action is 
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Stimulation of the medullary centers. It is an effective anti- 
dote to respiratory depressants though ipferior to picrotozin 
in severe barbiturate poisoning. Like picrotoxin, it should 
be avoided in morphine poisoning because of the danger o 
inducing spinal convulsions. 

Metrazol has been used extensively in the drastic shock 
treatment of certain mental diseases, principally schizo- 
phrenia and depressive psychoses. The use of convulsant 
drugs in mental disease was initiated by de Meduna in 
1933. He reasoned that since schizophrenia and epilepsy 
seldom occurred together, there was a biologic incompati- 
bility between the two disorders. He sought, therefore, 
to induce epileptiform convulsions in schizophrenic pa- 
tients, at first by the intramuscular injection of camphor and 
later by the intravenous injection of metrazol, which pr<^ 
duced much more prompt and reliable convulsions. Althoug 
de Meduna’s hypothesis is not generally accepted as correct 
the treatment has proved of considerable value, althoug 
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Nikethan^de (coramine) was introduced into Germany 
in 1924 as a substitute for camphor. It is much Jess effec- 
tive as an analeptic than picrotoxin or metrazol and is of 
little value in the treatment of severe respiratory depres- 
sion. It may increase the rate of coronary blood flow, and 
it is claimed to be of value in combatting postoperative 
depression and traumatic shock by maintaining the intra- 
muscular pressure and venous blood pressure and flow. It is 
comparatively nontoxic, and up to 30 cc. of the 25 per cent 
solution have been given without ill effects. ■“ 
Nikethamide is related diemically to nicotinic acid and, 
like the latter, is capable of alleviating the symptoms of 
pellagra and black tongue (see Chapter 22 ). 

CAFFEINE 
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Caffeine is an alkaloid which may be prepared synthet- 
ically or obtained from various plant sources, including 
coffee seeds, tea leaves, mate, guarana and kola. The mam 
commercial source of caffeine is damaged tea. 

Caffeine is a mild cerebral stimulant, its action'on the 
lower centers being inconsequential. It tends to facilitate 
mental and muscular effort and to diminish drowsiness and 
motor fatigue. It has been suggested that caffeine increases 
the capacity for muscular activity by decreasing the thresh- 
old for response to acetylcholine at the neuromuscular junc- 
tion. Caffeine frequently relieves the pain of mild head- 
aches, possibly by lowering the cerebrospinal-fluid pressure. 
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and of dexedrine, the dextrorotatory component of the race- 
mic amphetamine. Dexedrine elicits more marked central 
effects than its levorotatory isomer or the racemic mixture, 
although its peripheral effects are less marked. Compara- 
tive studies indicate that the central nervous system stim- 
ulant effect of these drugs is not correlated with their> 
sympathomimetic activities. 

In the normal subject, amphetamine usually gives a feel- 
ing of increased well-being, mental stimulation, lessened 
fatigue and even euphoria. In a few individuals, depression 
of mood occurs. The stimulating effects of the drug led to 
its' indiscriminate use in the form of “pep pills,” which were 
especially popular with students on the eve of examinations. 

. Several fatalities were reported following such unsupervised 
use, and, as a result, restrictions have been placed on its 
sale in many areas. 

Amphetamine sulfate has been widely advocated for the 
treatment of obesity, since it depresses the appetite and 
maintains the patient’s feeling of well-being despite a low 
caloric intake. However, directly the drug is withdrawn, 
the appetite returns in full and unless a new food pattern 
has been established the patient generally is unwilling to 
adhere to his former diet. Furthermore, there is a danger 
of habit formation, especially since the type of patient 
requiring amphetamine will be one prone to become habit- 
uated to the drug. It has also been used as an adjunct to 
psychotherapy in the treatment of chronic alcoholism. 

Toxic manifestations of amphetamine overdosage include 
irritability, anxiety, insomnia, dizziness, headache and nau- 
sea. Several cases of collapse, evidently due to idiosyncrasy, 
have been reported. Tolerance may develop after pro- 
•■longed medication; however, moderate doses have been 
taken over a period of years for the treatment of narco- 
lepsy, without any apparent ill effects. 

Dexedrine and d-desoxyephedrine may be used in place 
of amphetamine when central stimulation is required. They 
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Ca£femeU.S.P.:B.P. O^Gm, 

Citrated caffeine U,S.P. A mixture of approximately equal 
amounts by weight of caffeine and citric acid. 0.3 Gm. 

Caffeine and sodium benzoate. U.S.P.; B.P. A mixture of 
approximately equal amount 1^ weight of caffeine and 
sodium benzoate. 0.5 Gm. 

Caffeine and sodium-benzoate injection U.S.P. Usually 
available as capsules containing 0.2S Gm. and 0.5 Gm. 
in 2 cc. 

Amphetamine sulfate B.P.; NJ'f.R. 5-10 mg. 
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SCHEMATIC ILLUSTRATION OF THE ACTION OF 
AUTONOMIC DRUGS 
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CHOLINERGIC 
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Synpatbin (epinephrine^) is the chemical tnedUtor. 

Ephedrine potentiates by inhibition of amine oxidase. 

Epinephrine ads directly on the sensitive area of the reacting celi- 
Ergotamine may partially block the stimulant action in toxic doses. 
Acetylcholine Is the chemical rntdiator. 

physostigmine, neostigmine, potentiate by inhibition of choline esterase. 
Aceivlcholine, muscarine, act directly on the sensitive area of the reactiDg ceu- 
Atropine inhibiU the response to all but direct stimulation of ^/eactmg ceu. 
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ship of the two brandies of the autonomic nervous system 
supplying any given organ, stimulation of one branch may 
lead to a compensatory^stimulation of the other ; thus vari- 
able and unpredictable effects may ensue. Likewise, inhibi- 
tion of one branch may be tantamount to stimulation of 
the other, since the normal counteracting mechanism has 
been abolished. Furthermore, parasympathomimetic drugs 
may, especially'in larger doses, have nicotinic actions whiA 
produce sympathomimetic as well as parasympathomimetic 
effects. Finally, in addition to their effects on the autonomic 
nervous system, autonomic drugs frequently have also a 
central effect which may at times overshadow their periph- 
eral effects. 

SYMPATHOMIMETIC DRUGS 
Sympathomimetic drugs can be dassified pharmacologi- 
cally as true sympathomimetic drugs which stimulate the 
effector mechanism directly and pseudosympathomimetics, 
which act by preserving sympathin, presumably by blocking 
the amine oxidase. The first group includes epinephrine, 
phenylephrine (neosynephrine), kephrine and cobefrine; tw 
second, ephedrine, amphetamine, propadrine and parednne. 


Epinephrine 

Epinephrine (adrenaline) is the active principle of the 
adrenal medulla. It is prepared commercially either syn- 
thetically or from glands obtained from the slaughterhouse. 
The naturally obtained product is levorotatory ; the dextro- 
rotatory form has little physiologic activity. Optically inac- 
tive or racemic epinephrine is about one-half as activ 
'nhvsiologically as levorotatory epinephrine. 

Actions. The effect of epinephrine on any given orga 
- ctmilar to that of stimulation of postganglionic adrenergic 
fibers supplying that organ and hence may be excitatory or 
inhibitory, depending on the organ, the species of animal an 
other factors, such as presence or absence of certain s 
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increased response to epinephrine formed the basis of one of 
the earlier clinical tests for hyperthyroidism (Goetsch’s 
test). 

Therapeutic Uses. ' ciRCUtATORy emergencies. Epineph- 
rine increases the heart rate and the force of contraction 
and raises the blood pressure by peripheral vasoconstriction. 
It is thus of value in circulatory emergencies when a com- 
petent circulatory system b«:omes suddenly depressed^ as 
in drowning accidents, carbon-monoxide poisoning, over- 
anesthesia, etc. Epinephrine is administered parenterally 
in doses up to 1 cc. of a 1 : 1000 solution. Administration is 
either subcutaneous, intramuscular, intravenous or intracar- 
dial, depending on the severity of the condition. 

Epinephrine is of doubtful value in shock. It is believed 
that in shock the arterioles are already maximally con- 
tracted and such effect as epinephrine might have on the 
capillaries would not cause any great shift in the blood 
away from the abdominal regions and might have the dis- 
advantage of increasing tissue hypoxia. 

Asthma. Epinephrine dramatically relieves asthmatic 
paroxysms by relaxation of the smooth muscle of the bron- 
chioles and by vasoconstriction of engorged bronchial mu- 
cosae. Its disadvantages, however, are its short action, its 
ineffectiveness orally, and its tendency to cause dryness and 
irritation of mucous membranes. A more prolonged effect 
can be obtained with intramuscular injection of oily suspen- 
sions. (Subcutaneous Injection of such preparations may 
lead to local irritation or scar formation.) Inhalation of 
epinephrine in the form of a fine mist should be undertaken 
only under medical supervision because of the dangers of 
the strength of the solution used (1 : 100). 

Local Vasoconstriction. Epinephrine is usually added 
to procaine and a number of other local anesthetics in order 
to delay absorption, thus increasing the duration and inten- 
sity-of anesthesia as well as decreasing the systemic effects 
of the drug. Furthermore, the risk of hemorrhage is lessened 
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as the natural epbedrine since the dextrorotatory form is 
practically inert pharmacologically. 

Ephedrine augments the effects of injected epinephrine or 
of s)Tiipathetic stimulation. It has been suggested that this 
effect is due to an inhibition of the destruction of sympathin 
by amine oxidase. Hence the sympathomimetic effect of 
ephedrine would be due to a prolongation of the life of 
sympathin continually liberated at the nerve endmgs. 

Ephedrine has essentially the same uses as epinephrine. 
It has the advantages of being effective by mouth, more 
stable and longer acting. Its disadvantages include the 
slower onset of its effects, the lessened effect of repea^ 
doses (tachyphylaxis) and its pronounced stimulatory effra 
on the central nervous system. Like epinephrine, ephe me 
tends to have a marked effect on the heart and should be 
avoided in cardiovascular diseases. Ephedrine is of some 
value in the treatment of myasthenia gravis, its use in tn 
condition predating that of neostigmine. While the mel- 
anism of action in this condition Is not wholly understo , 
recent work indicates that transmission of impulses along 
motor nerves is improved by ephedrine. ^ ^ 

Toxic symptoms of overdosage or hypersensitivity a 
manifested by sympathetic stimulation as well as by «n- 
tral nervous system stimulation suggestive of a convu s 
poison. Dysuria and urinary retention are at times no e , 
and in fact strangury may be an annoying feature m 
clinical use of ephedrine and other sympathomimetics. 


Synthetic Sympathomimetic Amines 
The numerous pharmacologic effects of ephedrine and 
epinephrine are a distinct disadvantage clinically when 
undesirable side-effects limit their usefulness. Efforts have 
been made, therefore, to synthesize related compounds whi 
would be useful for a particular purpose and be relative y 
free from other effects. Such compounds are conyenien y 
referred to as sympathomimetics, though in many instan 
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they retain little of the sympathomimetic patterns of epi- 
nephrine or ephedrine. Literally hundreds of such com- 
pounds have been prepared and a number of them have 
been adopted for clinical use. In order to evaluate these 
newer drugs, one should consider how they measure up to 
the qualifications for a particular use. Thus, a pressor drug 
used to maintain or restore the blood pressure during or 
after a surgical operation should be effective by intravenous 
or intramuscular injection; it should rapidly produce a 
sustained rise in blood pressure and should have no un- 
toward effects on the cardiovascular system. Epinephrine 
gives a rapid and marked rise in blood pressure but its 
duration is short and it may be followed by a precipitous 
fall. Ephedrine has a somewhat more gradual and longer- 
lasting effect but it is not so effective on repeated injection 
and has undesirable stimulating effects on the central nerv- 
ous system. Among the newer drugs, phenylephrine (neo- 
< synephrine), paredrine, phedradne, paradrinol (veritol, 
pholedrine) and the aliphatic amine oenetbyl are said to 
have prolonged pressor effects with little cardiac or central 
nervous system stimulation, and are reported to be effective 
on repeated injection. Unfortunately, none of these drugs 
is effective for more than half an hour. Methedrine (d- 
desoxyephedrine) is claimed to have a much more lasting 
effect, though its cortical-stimulatory action may counter- 
act postoperative sedation. 

In selecting a drug for a nasal decongestant, a prolonged 
effect, without a period of after-congestion and freedom 
from central nervous system or cardiac stimulation are 
prime prerequisites. A volatile substance makes for ease of 
administration in the form of an inhalant. The drug should 
be able to penetrate mucus, should not interfere with the 
nasal cilia and should not produce any local irritation. Oily 
preparations are to be deprecated because of the interfer- 
ence with ciliary movements and because of the danger of 
lipoid pneumonia. Epinephrine causes too much after-con- 
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various conditions whose basis may well be an autonomic 
imbalance^ such as hypertension, Reynaud’s disease, mega- 
colon and certain nervous conditions. 

In 1939 a study was made in Germany of the sympatho- 
lytic properties of a number of imidazoline derivatives. One 
of these compounds, 2-benzyI-4, 5-imidazoline or priscol, has 
been used clinically in Europe, apparently with prombing 
results. ''A similar but probably more potent compound, 
N, N-dibenzyl-p-chloroethylamine or dibenamine, is being 
studied in this country with a view to determining its clin- 
ical value and its usefulness in physiologic and pharmaco- 
logic investigations. 

PREPARATIONS 

Epinephrine U.S.P.; adrenaline B.P. , 

Epinephrine solution U.S.P. A 1 ; 1000 solution of epineph- 
rine hydrochloride in distilled water. 

Solution of adrenaline hydrochloride B.P. A 1:1000 solu- 
tion of adrenaline hydrochloride in physiologic saline. 
Epinephrine injection U.S.P. Sterile solution of epinephrine 
hydrochloride in water for injection. It is usually avail- 
able as 1, cc. of 1 : 1000 solution ; 10 cc. of 1 : 1000 solu- 
tion ; 30 cc. of 1 : 1000 solution, 1 mg. 

Epinephrine inhalation U.S.P. 1 r 100 solution of epineph- 
rine in distilled water. 

Suspension of epinephrine in oil, 1 ; 500 N.N.R. A suspen- 
sion of epinephrine U.S.P. in vegetable oil, 0.2-1.5 cc. 
Ephedrine hydrochloride U.S.P,; B.P. Ephedrine sul/ate 
U.S.P. 25 rag. 

Ephedrine-sulfate tablets U.S.P.; B.P. Usually available in 
, 15, 25, 30, and 45 mg. amounts. 

Racephedrine N.N.R. Racemic ephedrine. 30-50 mg. / 
Racephedrine sulfate and hydrochloride N.N.R. 30-50 mg. 
Phenylephrine hydrochloride NJ^.R. 

Amphetamine N.N.R. 

Vonedrine NJ^-R- 
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Choline Derivatives 
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the substance responsible for the blood-pressure*lowering 
activity of the adrenal gland after the epinephrine had been 
extracted. They succeeded in isolating choline but in insuffi- 
cient quantities to account for the observed effects. In the 
belief that the choline was the end product in the breakdown 
of a more active compound, these investigators tested acetyl- 
choline and observed its very potent blood-pressure-lowering 
effect. Their suggestion that acetylcholine was present in the 
1 ^(jrenal gland, however, was met with considerable scepti- 
cism The compound was later studied by Dale, who 
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ficiently stable to be administered orally or subcutaneously, 
and it can be applied locally by iontophoresis. It has a verj’ 
powerful effect on the heart and should not be given intra- 
venously because of the danger of cardiac arrest. Unpleas- 
ant but less dangerous effects include the precipitation of 
asthmatic attacks in patients subject to asthma, dyspnea 
and substernal pain, epigastric discomfort, vomiting and 
disturbances in accommodation. These symptoms are com- 
mon to all parasympathomimetics and can be promptly 
relieved by the injection of atropine. Methacholine has a 
much less pronounced nicotinic action than acetylcholine, 
though it is questionable whether the absence of a nicotine 
action is of great clinical significance since it would only be 
obtainable by undesirably large doses. 

Carbachol (doryl, lentin, carbaminoylcboline), the most 
powerful choline derivative known, was synthetized in Ger- 
many in 1932. Under the name of lentin it became_popultf 
in that country for the treatment of gastro-intestinal dis- 
orders in animals. Because of its toxidty, it is seldom used 
except in the treatment of glaucoma when the eye does not 
respond to pilocarpine, physostigraine, methacholine or neo- 
stigmine, It is poorly absorbed from the conjunctival sac 
but absorption is improved when it is mixed with petro- 
latum or zephiran. It may cause blurring of vision and 
occasionally pain. It gives effective relief in the pain of 
peripheral vascular disease and by subcutaneous injection _ 
its effects outlast those of methacholine. However, the 
latter is safer and it is to be preferred xmless the patient 
is under constant medical supervision. Carbachol is said to 
have much less effect on the heart and blood vessels than 
methacholine. It has, however, a much more pronounced 
nicotine-like action. 

Choline Derivatives with Parasympatholytic Effects. 
Swan (1943) prepared a series of choline derivatives having 
a surface-tension-lowering effect in the belief that such 
derivati'^es might have enhanced or altered pharmacologic 
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Di-isopropyl Fluorophosphate 



Di-bopropyl nuoropBospbate 

ID contrast to the reversible inhibition of physostigmine and 
neostigmine. Their effects last, therefore, until adequate 
amounts of choline esterase are built up again. Furthermore, 
their action, in therapeutic doses, is apparently nicotinic, 
rather than muscarinic. One of these drugs, di-isofropyl 
.jitiorophosphale (DFP), has had limited clinical use. It 
appears to be best suited for the treatment of glaucoma 
because of its long duration of action. It is too toxic to he 
of much value in the treatment of myasthenia gravis. 


Pilocarpine 
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Pilocarpine is an alkaloid obtained from the leaves of 
the shrub Pilocarpus jaborandi. It has a specific parasym- 
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•^Metfaacholine has been used with good results in these con- 
ditions, either orally, subcutaneously or locally, by ion 
transfer. Carbachol is also effective but too toxic for routine 
use. Methacholine by iontophoresis has also been used in 
the treatment of arthritic pain and pelvic inflammation, 
relief being due to hyperemia, which may last from 4 to 8 
hours. Recently, neostigmine has been used for the treat- 
ment of delayed menstruation. It is believed that the inhi- 
bition of the destruction of acetylcholine, effected by neo- 
stigmine, leads to the vasodilation and hyperemia of the 
uterus, which is thought to be one of the determining factor 
in the onset of the menstrual bleeding. If the patient is 
pregnant, bleeding rarely ensues, hence injection of neostig- 
mine has been suggested as a test for early pregnancy but 
the possibility of inducing abortion limits its usefulness. 
Neostigmine has also been tried with promising results in 
the treatment of atrophic rhinitis. Application by nasal 
spray causes an increased blood flow to the nasal mucosa, 
with reduction in the encrustation and of the associated 
fetid odor. 

Sinus tachycardia. Stimulation of the vagus by para- 
sympathomimetic drugs frequently brings about the arrest 
of attacks of sinus tachycardia when carotid pressure is 
ineffective. Neostigmine and methacholine are useful drugs 
in this connection. They do not, however, affect the heart 
rate if the tachycardia is associated with obvious organic 
disease. 

Ophthalmology. Parasympathomimetic drugs are im- 
portant adjuncts in the treatment of glaucoma; the con- 
traction of the ciliary body facilitates drainage through the 
canal of Schlemm, while vasodilation may also assist m 
the removal of fluid. Physostigmine is perhaps the most 
widely used drug for this purpose, though pilocarpine, 
neostigmine and methacholine are also effective. Carbachol 
(usually as a 0.75 per cent solution) has been used succe^- 
fully in cases not responding to the usual treatment, while 
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It has been suggested that relief is ^ue to a central efiect 
of the drug leading to inhibition of muscle tone in addition 
to the inhibition of choline esterase at the myoneural junc* 
tion. As in the treatment of myasthenia gravis, undesirable 
parasympathomimetic effects are abolished with atropine. 

PARASYMPATHOLYTIC DRUGS 
Depression of the parasympathetic nervous system is 
obtained clinically by the use of the belladonna alkaloids 
or by synthetic substitutes. In general, the synthetic sub- 
stitutes do not display the variety of actions of the naturally 
occurring alkaloids. They do not, therefore, have as wide a 
field of application, but, on the other hand, their use in 
conditions for -which they are effective is attended by feww 
undesirable side effects. 

Belladonna Alkaloids 


,2 -Ch CHg c 

N-CHj HC-O-C-C 
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Atropine 
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The belladonna or solanaceous alkaloids, atropine, hyos- 
cyamine and scopolamine (hyoscine) are obtained from a 
number of solanafceous plants including Atropa belladonna 
(the deadly nightshade), Datura stramonium (Jimson weed) 
and Hyocyamus niger (henbane). Atropine rarely if ever 
occurs in nature and is formed by the racemization of ti® 
naturally occurring /-hyostyamine. Since the pharmacologic 
activity Is invested in the levorotatory form, atropine is 
approximately half as active as hyoscyamine. Scopolamine 
is the most active of the belladonna alkaloids, partly be- 
cause bf its greater solubility, which permits more rapid 
passage to the site of action. 
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as antispasmodics, their effectiveness being due apparently 
both to a parasympathetic-depressant action and to a 
direct action on the muscle. These drugs have less effect 
than atropine on the eye, the salivary secretion and the 
heart rate. Isonipecaine, which is related chemically to 
atropine, is used chiefly for its morphine-like action. (See 
Chapter 9.) 

Therapeutic Uses op Parasympatholytic Drugs 
1. Peripheral Actions 

Ophthalmology. Parasympatholytic drugs cause a re- 
laxation of the circular constrictor muscle (mydriasis) and 
of the ciliary body (cycloplegia). With atropine the effects 
may last for days and are not readily antagonized by 
physostigminc; hence, for routine eye examinations shorter- 
acting drugs such as homatropine and eucatropine are usu- 
ally preferred. Atropine is of advantage when prolonged rest 
is indicated, as in some inflammatory conditions. It should 
not be used, however, if glaucoma is present or suspected 
since the relaxation of the ciliary body may impede drain- 
age of the ocular fluid by blocking the canal of Schlemm. 

Reliep of Smooth-Muscle Spasm. Atropine and a num- 
ber of synthetic substitutes are useful in the treatment of 
gastro-intestinal spasm, especially in cases in which the 
imderlying cause is thought to be overactivity of para- 
sympathetic nervoim system. Atropine is included in many 
proprietary cathartics, allegedly to prevent griping. It is 
also used occasionally for the relief of biliary and imna^ 
colic. Atropine is one of the most effective drugs in the 
treatment of enuresis in children, since it decreases the 
irritability and increases the capacity of the bladder. 

The belladonna alkaloids were among the first remedies 
for bronchial asthma, inhalation of smoke from burning 
Jimson weed being a popular and fairly effective remedy. 
While atropine relaxes bronchial spa*!™!? and reduces se- 
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Scopolamine, taken orally, is an effective prophylactic 
for seasickness and airsickness, probably because of Loth 
its central-depressant and its antispasmodic actions. 

Atropine Poisoning ' 

Atropine poisoning occurs frequently in children from 
the ingestion of beliadonna plants or atropine-containing 
medicines. It may also occur accidentally during treat- 
ment; for example, sufficient atropine may occasionally 
be absorbed from the conjunctiva to give rise to systemic 
toxic effects. Both peripheral and central effects are ap- 
parent. The pupils become widely dilated. The skin is hot, 
dry and flushed and the temperature rises because of the 
inhibition of sweat secretion and the motor restlessness. 
Excitement may be marked and mental derangement may 
occur, followed by depression and collapse. Gastric lavage 
should be instituted if the poison was taken by mouth; 
barbiturates may be given to control the convulsions, while 
the peripheral symptoms may be treated with pilocarpine 
in 10 mg. doses subcutaneously, repeated until the mouth 
becomes moist. If depression has set in, stimulants and ar- 
tificial respiration may be necessary. 

' PREPARATIONS 

Methacholine chloride U.S.P. 0.2 Gm. oral, 10 mg. sub- 
cutaneous. 

'Metbacholine-chloride capsules IT.S.P. Contains 0.2 Gm. 
Methacholine-chloride injection. ContainI 10 mg. in 1 cc. 
Physostigmine salicylate U.S.P. and B.P. 2 mg. 

Neostigmine bromide U.S.P. IS mg. 

Neostigmine methylsulfate XJ.S.P. 0.5 mg. subcutaneous 
or intramuscular, 

Neostigmine-methylsuliate injection U.S.P. Usually avail- 
abel as 0.25 and 0.5 mg. per cc. 

Pilocarpine nitrate and B.P, 5 mg, 

■ Carbachol U.S.P.; B.P. (Carbaminoyl choline chloride) 
2 mg. oral ; 0.25 mg. subcutaneous. 



>C6T * 9 idZ*Vl ‘lOTSXqj ‘S 3 At}t:AU 3 p 

ouipno 30 oaucoymSis ic 3 t 3 o[oisXqd :*Y *0 ‘sajiv 

, sDiiaranoHivanAsvHva 

AHavHoonaia 

*Sui OS '■a'N'N ntdonuiCg 
• 2 ui S'z “H'N'N apituojqi/Cqiaui guidojimoH 
•snop ' 

-iqos ^ X3o|oaqBq5qdo ai pasQ "a‘N'N sppoppojp 
“Xq amdojiBtnoH ‘d'a -‘d'S'A spxtuojqojpXq autdojitmog 

•aopnips 0^5 v 

SB XSoionqBqiqdo nt pas/i *d*s*n apiJoiqDoipXq anidoj^Bona 
•sntucXasoXq p spro[Bq[B %£Q'o 
iSja^BiuixoiddB snre^ao^ *^*9 snuiBXosoXq jo ;3 bj?x 3 pinbiq 
. • 3 ui 09-91 'sniuBXDSoXq jo 

^joiBqp 30 %£'Q suiB^uo^ ‘a* a snuiBXDsoXq 30 30^43x3 Aiq; 

•30 ‘snureXo 

\ -soXq JO spiOiB^qc jo uoniqos oqoqoap C^'a ?:^S 0 O'O) 
®ifr00'0 Xiajemixoaddv ‘d ‘3 ‘'d’S'n wnjoup suuibXosoXh 
• tuO z'o snuivKosoKs p ‘sdo? 

aqj inoqjiM jo qjm ‘p 9 \ poua ’ 3*3 ‘‘d’S'A snuiBXosoKH 
•aiiuuBui 30 ^01 JO wpip 
-pB aqj Xq nojiisodmooap 3 Suib2b pajoajojd aniiuBjodoos 
ajnd 30 uoijnps snoanbB ny 'H’N'N auimBiodoDg 

’Stu S'O ’a'a ‘'a'S'A opiwojqojpXq (aupsoXq) smurajodoas 

•Sui ri pn^ 

9'0 ‘S'O ‘fO 'ro 'd'S'n ajBjps-aiiidojJv 

•SuiS'O 'd'a ‘.'d'S'nai^JinsauidojJV 
•3ui t--0’'d’a *'d'S'n. snidojJV 
■sppiBqiB Oy^si'O SUIBIUOO 'a*a ^uuopBipq 30 33BJ3X3 pinbn 
•3B91 BanopBjpq 30 spiopqjB aqj 30 uoiinjos oiioqooiB 
oMo'O ApjEKiixoaddv 'd'a i’d’S'n a-mpuil xumpEipa 
• 3 m SI - ja i'd'S'n PEiira EunopEipa 
. -sjam Sal Z jC(Fiisa "d’S'n spiqEi loqacqJEO 

•30 1 ui -Sra sJ'O 'd'S'A noipstm [OipEqiEO 


tSI 


suoiiBJEdaod 


154 


Autonomic Drugs 


Fox, M. J., and W. H. Spankus: The value of neostig- 
mine in acute anterior poliomyelitis, J.A.MA. 128: 
720, 1945. 

Henderson, V. E. and M. H. Roepke: Drugs affecting 
parasympathetic nerves. Physiol. Rev. 17. '373, 1937, 

Leopold, I. H. and J. H. Comroe, Jr.: Use of diisopropyl 
fluorophosphate (“DFP*') in treatment of glaucoma, 
Arch. Ophthal. 36:1, 1946- 

Moll, H. H.: The action of parasy™P^t^ct^c-niimetic 
drugs in asthma, Quart. J. Med. 33:229, 1940. 

O’Brien, C. S. and K. C. Swan: Carbaminoylcholine 
chloride in the treatment of glaucoma, Simplex. Arch. 
Ophth. 27:253, 1942. 

Simonart, A. : On the action of certain derivatives of 
choline, J. Pharmacol. & Exper. Therap. 46; 157, 1932. 

Soskin, S., H. Wachtel and O. Hechter: Prostigraine 
methyl-sulfate for delayed menstruation: a therapeutic 
test for early pregnancy, J.A.M.A. 114:2090, 1940. 

Swan, K. C. and N. G. White: Choline esters with atr^ 
pine-like action, J. Pharmacol. & Exper. Therap. 80* 
285. 1944. . . 

Tractenberg, I. and W. Oliver; The use of prostigmin 
in abdominal and vaginal operations for the relief of 
postoperative distention and urinary retention in a 
series of 96 consecutive cases. Am. J. Surg. 53:284, 

1941. 

Viets, H. R.: Myasthenia gravis, J.A.M.A. 127:1089, 
1945. - 

Waldman, S. and S. N, Mosfcowitz : The treatment oi 
attacks of sinus tachycardia with prostigmin, Ann. Int. 
Med. 20:793, 1944. . . 

White, A. C. and E. Stcdman; On the plwsostigmioc' 
like action of certain synthetic urethanes, J. Pharmacol. 
& Exper. Therap. 41:259, 1931. 

Winkelstein, L. B.: Prostigmine methylsulfate and de- 
layed menstruation. Am. J. Obst. & Gynec. 44:231, 

1942. 

PARASYMPATHOLYTICS 

Graham, D.P.D. and J. A. Gunn: The comparative ac- 
tivities of atropine, I-hyoscyamine, hyoscine and h^ 
matropine on mammalian smooth muscle. Quart. J* 
Pharm. & Pharmacol. 17:88, 1944. 



'Zf6\ ‘fZ ' Z itSoiO|S3iiis8uv 
'spsfqns u'ciunq uo 3uiue{odo3S puc suidoi^t: '8U|qd 
-iom* JO sjoaja aqx 'H *H *cl *D ‘uBraaSus^ 

'Zf6l‘U-£ 

jCSoioisaqjssny *Bis3q?s9nB jBDimp ui sjuBjd Buuop 
-Bliaq* an;' JO spiofsqiB 9^ jo i\6s sqj, '*1 ’K ‘sdpqj 
' 6 £ 6 \ ‘SSiJ-i'l '4®!P^d *f ‘ua-ipim^ P^^ s^ubjui tji 
snoijBjsajiuBin sii 'uoi jBoixoiur auidoriv ; *£) 'fj 'noj joj\[ 
’£t6T ‘tE9*: X *f 'H ‘?Ha 'BiuoonBiS auidojjy* ■ ’3 'f ‘upjBj^ 
'Zf6l '66£ • tf ^ertp/sj 'lOJna^ -qD^y 
‘asBasip s.uosuiJjJB^ 0pqBqd9DU3-;sod jo iCgopDBuucqd 
IBjuamuadxg : uosjaKyj ‘y puB uosjaXj^ 'q ’(J '•£ ‘UBino^ 
mr ‘11^2^01 ‘Sfa ‘^saSra •/ -aiy 
•spuBiS sij puE puBo pupsaiui-ojjseS aqj uo ouidoJiu 
JO aqx :u9J93avs'*0 ‘H. P“^ "3. 'A "uosjapuau 


SSI 


/ 


i^qdBiSoiiqia 




13 

Histamine and Anti- 
histamine Drugs 

INTRODUCTION DIPIIENHYDRAMINE AND 

HISTAMINE TRIPELENNAMINE 

ANTERGAN AND NEOANTERGAN PREPAItNTIONS 

INTRODUCTION 

The probable role of histamine in inducing many of the 
symptoms of anaphylactic shock and other allergic disorders 
has prompted the search for preparations antagonistic to 
histamine. The antihistaminic agents discussed in this chap* 
ter are a newly introduced series of drugs which 
ently interfere with the activity of histamine, possibly 
because of a competitive action with histamine at its site 
of action. Their action is not comparable, therefore, with 
that of pharmacologic antagonists to histamine such as 
epinephrine and certain antispasmodics. 

The antihistamine drugs are such recent additions to 
therapeutics that their usefulness and their limitations wn- 
not as yet be adequately appraised. However, the grea 
demand for simple and effective relief from allergic d^- 
‘ orders has already evoked widespread interest in the aval - 
able compounds and will undoubtedly lead to the introduc- 
tion of newer and possibly more effective agents. 

HISTAMINE 

Histamine was first prepared syntlietically by 
ahd Vogt in 1907 from iminazolyl-proprionic acid. In 19iu, 
156 
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tamine as a therapeutic measure. On the assumption that 
patients suffering from allergies are hypersensitive to his- 
tamine, small doses of histamine have been administered 
with a view to effecting desensitization. The results have 
been inconclusive, however, leading to the suggestion that 
negative results were due to the nonanfigenidty of his- 
tamine. Hence, attempts have been made to produce his- 
tamine antigens by conjugating histamine and various 
proteins, in particular, despeciated horse-serum globulin 
(histamine-azoprotein). Antibodies have apparently been 
produced in animals by this means but clinical results have 
not been encouraging. Histaminase, an enzyme capable of 
destroying histamine in vitro, appears to have no effect 
in vivo although at one time it was widely advocated as a 
treatment for allergic disorders. With the recent introduc- 
tion of subslances which apparently act by interference with 
histamine at its site of action, a new approach to the treat- 
ment of allergic disorders has been presented.' It should 
be remembered, however, that the' effect of these drugs is 
transient and symptomatic relief only is secured. Further- 
more, the effect of these drugs on the development of im- 
munity has not been determined. 

Histamine is employed clinically in the histamine test 
of gastric function. This test is based on the fact that while', 
histamine normally stimulates the acid-secreting cells, it is 
ineffective in promoting add secretion in certain types of 
achlorhydria, especially that associated with pernicious 
anemia. 

ANTERGAN AND NEOANTERGAN 
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DIPHENHYDRAMINE AND TRIEELENNAMINE 


CH-O-CHg-CHg-N^^ 


Diphenbydramine Hydrochlorfde 
(Benadryl) 


(“U -N 



Tripelennamine Hydrochloride 
(Pyribenzamine) 


Diphenhydramine hydrochloride (benadryl, p-diraethyl- 
aminoethylben 2 hydryl ether hydrochloride) was introduced 
in 1945 by Loew and his associates after a study of tte 
antihistamine activity of a number of benzhydryl alkamme 
ethers. The experimental criteria of activity was reduction 
of bronchial constriction in guinea pigs that had been ex- 
posed to atomized histamine solutions. Other antibistanunic 
effects observed include antagonization of the bronchostnc- 
tion in sensitized guinea pigs subjected to anaphylactic 
shock and suppression of the fall of blood pressure following 
small doses of histamine in anesthetized dogs. Diphenhydra- 
mine also possesses musculolropic and neurotropic activity 
since it antagonizes the spasmogenic effects of barium and 
of acetylcholine on the guinea-pig intestine, though m 
doses larger than those required to abolish the spasmogenic 
action of histamine. 

Diphenhydramine has given promising results in the treat- 
ment of urticaria, angioneurotic edema, seasonal allergic 
rhinitis, serum reactions and drug sensitivities. ^ 
proved of less value, however, in the treatment of asthma 
and nonseasonal allergic rhinitis. Its chief drawba^ is 
that it produces a state of drowsiness in many patients, 
which may lead to confusion and loss of judgment, thoug 
occasional cases of excitement and delirium after its use 
have been reported. Other toxic symptoms include gastro- 
intestinal upsets, dryness of the mouth and hot flushes. 

Tripelennamine hydrochloride {N'pyridyl-N'benzyI->- 
dimethylethylenediamine hydrochloride, pyribenzamine) was 
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or foxglove plant was known to the herbalists in the sli- 
teenth century, who used it as an external remedy. Ita 
rational medicinal use was not developed until 1785, when 
William Withering, an English physician, published the 
results of 10 years’ observations on the use of foxglove as 
a diuretic in dropsy. His investigations were prompted by 
the acquisition of a secret cure from an old woman in Shrop- 
shire. Although this remedy was composed of twenty in- 
gredients, Withering soon found the therapeutically effective 
substance to be digitalis. Actually he considered its efficacy 
lay in its diuretic effect, although he did observe the effects 
of the drug on the heart. A few years later, however, the 
primacy of cardiac action of digitalis was recognize^ y 
both Cullen and Ferriar. The introduction of digitahs 
proved to be a revolutionary development since previous y 
only comparatively ineffective drugs such as camphor an 
valerian were available for cardiac patients. 

Chemistry of the Cardiac Glycosides. The cardiac action 
of digitalis is due to glycosides, which are conjugation pro 
ucts of sugars and nonsugars. The nonsugar moieties ar 
are known as aglycones or genins. A similar 
activity is found in a number of other plants in w i 
active agents are either glycosides or alkaloids, an m 
venom of toads. The latter generally contains two cJas 
of digitalis-like principles, the bufagins, which 
aglycones, and the faufotoxins, which are conjugation pr 
ucts of bufagins and suberyl-arginine. 

Glycosides, bufagins and bufatoxins all contain the ster 
Old nucleus in common with cholesterol, the sex hormones, 
adrenal-cortical hormones and the vitamins D. The car la 
activity is associated with the imsaturated butyro-Iac on 
ring attached to Cit- The carbohydrate portion of the g y- 
coside has no cardiac action itself but greatly inaeases ^ 
activity of the aglycone. 
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red squill, is used widely as an ingredient of rat poisons. 
In addition to the sdllarens, it contains a substance highly 
poisonous to rats. 

The use of galenical preparations^of cardiac glycosides 
is being rapidly superseded by the use of the crystalline 
glycosides or of highly purified preparations. These have 
the advantage of stability, injectability and more accurate 
dosage. They are generally more rapidly absorbed when 
given orally and cause less gastro-intestinal irritation, in 
part because of the absence of nonabsorbable glycosides and 
of the much smaller doses required. 

Pharmacologic Actions. All the cardiac glycosides pro* 
duce essentially similar pharmacologic effects.^ Mar e 
differences in rates of absorption and in dissipation of e 
glycosides account for the quantitative differences in their 
action. Following the administration of these^ drugs, tie 
force of systolic contraction is increased, the diastolic sue 
of the heart is reduced, the cardiac output increased and tie 
venous pressure reduced. The heart rate is usually slow , 
in part because of vagal stimulation, but the depee o 
slowing is usually not significant in cases of normal sinus 
rhythm. The conduction time is slowed, the P-R mtewi 
being prolonged. The mechanism of action underlying these 
effects is not wholly understood. While many investigators 
believe that the primary acUon is directly on ^ 
muscle, it has also been suggested that the cardiac 
are secondary to changes in the peripheral 
namely, a relief of venous engorgement by a redistrib^ 
of the blood. The diuretic action of digitalis is secon ary 
to an improvement in circulation. Digitalis is of no v u 
as a diuretic in the absence of heart disease. 

Therapeutic Uses. Digitalis and related preparaUons are 
of particular value in the treatment of congestive heart fai • 
u)e The pulse rate is decreased while the cardiac ou pu 
’is increased. The edema is relieved by diuresis, and 
and cyanosis disappear as the circulation improves. 
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disturbances, including colored vision, double vision or tem- 
porary blindness, and headache. The pulse is usually mark- 
edly slowed. There may be paror^smal tachycardia with 
complete or partial heart block, extrasystoles *or ventricu- 
lar fibrillation, which is the probable cause of death in fatal 
poisoning. In the normal individual, digitalis causes a 
decrease in cardiac output and an impairment of circulation. 
It has been employed fraudulently to induce symptorcs 
simulating heart disease. 

Animal experiments have indicated that prolonged admin- 
istration of digitalis frequently produces degenerative or 
hemorrhagic lesions in the cardiovascular and central nerv- 
ous systems suggestive of local ischemia. It has not been 
established that such lesions occur in man. However, it is 
.of interest to note that recent studies in man have indicated 
that digitalis administration leads to a reduction in the clot- 
ting time of the blood which may predispose to thrombosis^ 
and emboli formation. 

Patients receiving digitalis are unusually sensitive to 
epinephrine and to intravenous calcium. These drugs should 
be avoided or used with extreme caution during digitalis 
therapy. 

Standardization of Digitalis and Related Preparations. 
Preparations of digitalis are assayed biologically. The 
United States Pharmacopoeia! Digitalis Reference Standard, 
which is equipotent to the International Digitalis Standard, 
contains 1 imit of activity in 0.1 Gm, The official method 
of assay employs the etherized cat as the test object (s^ 
Chapter 3). The main criticisms of this method are that it 
is a measure of the toxicity of the preparations, which is uot 
necessarily related to their therapeutic effect, and that it 
employs intravenous injection, eliminating the factors of 
degree and rate of absorption, which are of great significance 
in oral therapy. Numerous attempts have been made to 
introduce reliable chemical methods of assay for digitalis 
preparations. The most reliable method is based on the 
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cardia, postoperative thyroid tachycardia, extrasystoles and 
paroxysmal auricular tachycardia. 

Quinidine is rapidly metabolized and eliminated from the 
body and there is little danger of cumulative poisoning 
unless large doses are given at very frequent intervals.^ 

Toxicity. Since some individuals are sensitive to quini- 
dine, the initial dose should be small. The more serious 
complications of quinidine therapy include collapse with 
cardiorespiratory failure; ventricular fibrillation, which may 
be prevented by the concomitant administration of digitalis, 
and Ihe dislocation of emboli following resumption of the 
normal beat in chronic auricular fibrillation. Rarely, there 
may be severe gastro-intestlnal upsets which make ora 
administration impracticable. In su^ cases, quinine prep- 
arations may be given parenterally, since quinidine salt^ 
because of their insolubility, can only be injected wit 
large volumes of fluid. Recently an injectable form ot 
quinidine, quinidine hydrochloride with urea and an • 
pyrine, has been described which is said to produce much 
more prompt effects than oral quinidine and to have an 
almost equal duration of action. However, intraven^ 
injection of quinidine is dangerous and is rarely justin 


XANTHINE DERIVATIVES 
The xanthine derivatives have already been discussed as 
diuretics (chap. IS) and central-nervous stimulants (chap- 
10). Their value in the treatment of heart disease ^ 
both to their diuretic action and to their stimulatory e ec 
on the myocardium. There is some disagreement as 
whether the latter effect is due to a direct action on 
myocardium or whether it arises secondarily from an 
increased coronary flow. ^ 

The xanthines have been used since 1895 in the tre 
ment of ai^ina pectoris, though their value has frequen y 
hpek questioned. Theobromine and theophylline preP^' 
dons appear to be the most eHective. AminophylhM 
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is due to their degradation in the body to nitrites. How- 
ever, the rapidity of the onset of their action following 
intravenous injection and the high degree of potency of 
some of these preparations suggest that their activity is 
vested in the intact molecule. 

Toxic reactions to nitrites andyiitrates include a throb-, 
bing headache, weakness, giddiness and faintness. Cyanosis 
may be present because of the formation of methemoglobin 
by the nitrite ion. A number of organic nitrate prepara- 
tions,' such as glyceryl trinitrate, erythrityl tetranitrate and 
mannitol hexanitrate, are explosive and should be stored 
and handled with care. 


PAPAVERINE 



Papaverine is a member of the narcotine group of mor- 
phine alkaloids (chap. 9). It was first isolated by Merck in 
1848. While its central effects are much less marked than 
those of morphine, it does have a mild sedative action^iB 
therapeutic doses. It is apparently free from addicting 
properties. _ ^ 

The chief pharmacologic action of papaverine is inhibition 
of the contractions and relaxation of the tonus of smooth 
muscle. It was first used clinically by Pal in Vienna in 1914 
in conditions of smooth-musde hyperexcitability, such as 
gastro-intestinal spasm and biliary colic. Pal also suggested 
its value in angina pectoris, but its subsequent use by a 
number of investigators yielded for the most part disappoint- 
ing re;Kiits, possibly because of inadequate dosage. During 
the pa 5 t 10 years interest in the use of papaverine in heart 
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This has led to the suggestion that they play a physiologic 
role in the regulation of blood pressure. 

The mode of action of thiocyanates in lowering the blood 
pressure is not understood. The action is not readily ob- 
served in experimental animals. Claude Bernard in 1857 
demonstrated a depressing action of the thiocyanates on 
the heart but this depression apparently only occurs with 
near-lethal doses. A 'depressant action on the adrenal 
medulla with suppression of epinephrine secretion has been 
suggested. Toxic effects include dermatologic lesions, nau- 
sea, heartburn, and mental disturbances, such as hal uana 
tions, slurred speech and unsteady gait. 

In effective thiocyanate therapy, the fall in blood pres- 
sure develops slowly, nsually after several weeks of treat- 
ment. Because of their toxicity and unreliability, thiocya- 
nates should be tried only under strict medical ' 

which must include a check of the blood level of the dt^ 
Thiocyanates may be of value in the prevention or a 
viation of migraine if given in the preheadache “ 
attack. They are of no value after the onset of a ’ 

presumably because of the slowness with which ey ■ 
No thiocyanate preparations are included in e 
States or British Pharmacopoeias or in New and Nono 
Remedies. 

PREPARATIONS 

(For xanthine preparations, see Chapters 10 and IS.) 
Digitalis U.S.P. Digitalis leaf B.P. Dried leaf of DigtUhs 
furpurea Linnd. , i tTSP 

Powdered digitalis U.SJP. 0.1 Gm. equivalent to 1 0.=. - 
digitalis unit. . 

Powdered digitalis B.P. 0.1 Gm. equivalent to 1 toteim- 
tional standard digitalis unit. . 

Digitalis tincture U.S,P. Contains 1 U.S.P. digitalis urn 
per cc. 



’00 I ut ’Sxu 5*0 'd'S'fl uoipafui uixoSiq 

•sjajqB; -Sui 5z*o 'd’S'A sjsiq^ ^I^oSiq 

‘StuS'o ‘d‘S'11 npoSiQ 
•siaiqB; -Sui 5*0 iCuHnsfi s;9iqB; o-spiscnBUBq 

*DD f n] 'Sui 8*0 puB *33 i m 

•Sui t'O SB 9iqBn^AB XnBnsa 'd'S'Il uoipgtui o-apisopxre-i 
* 2 ui s*o ‘J’S'n O-apisopuBq 
•3m s*o 'H'N'N (snoqdjouiB) uifBiir) 
•(uixojiSip) 9IpAi?si^ 9uqe;rSrci 

■si9iqBi -gio 2*0 ptiB T*o ^IFnsfi s^oiqB? uixoqsja 

' '33 z ni ’Sui ^.-q 

pUB *33 X “I 'Sm Z'O i^IlBnSn 'd'S’fl U0TX39[tIl UTXOJlStQ 
•3m x*o 'd'S'Il «Ixox}StQ 

•p9AOUI9J U99q 9ABq SXa9ip92Sui 9Ap3BUt 9qX JO XU90 
J9d 58 qoiqM ui ‘sqBjiSip jo }3bjxx9 p9yun<i ‘a'N'N 

•SIJBllSip JO 9Jnj3UJX 99jJ-JBd 'H'N’N lo^isja 
'stibjtSjp 

ireqx xuajod ojoiu X[qB49pjsuo3 ‘sp99S S|iBXi3ip mojj pauiBj - 
-qo S9pisoaX[3 jo aanixtui v '^*N‘N 

•^JJJBTlb piBpnBjs 

JO jBaj sjiciTSip JO XBqx oj jBnbo Xxiaipb ub qjiM ‘uijoj 
siqnjos ui S9pisooX[3 sqcii3ip jo ojnjxrj^ ’H’N’N Q^JodiSjcT 

'nopBijsi 

-niUipB XBJ91U9JBd JO (BJO JOJ SiqB^TTlg *sn0pBJBd9jd JB91 

•3[oqAi UBqj uiJOj 9(qBqjosqB worn ui sijBxiSjp jo spanjps 
-uoD 9iqBJJS9p Xj|B3iin9dBJ9q; sutBxao 3 'a’N'N ^n°JI®ia 
•nopnps 9jqB?39fm jo sp[ 
-qB} 01 SqBjiSjp JO sa^dpoiad 9AiX3B0ipjB3 'a'N’K 

’sqBiiSip p9J9pMod ' 2 ui oot puB OS nTBjuoo 
XiXBnBfi -d'S'fl soinsdBD sqBxiSia ‘d’S'a s^apB? snBii3jci 

•00 3 JO X J9qXT9 UI sn^liSip 

JO lion ‘d'S'Q T suiBjaoo Xipasa •d'S’fl uopoafui sipxigiQ: 

•90 0ZI“0£ ’33 I ?nra 

pjBpuBjs XBUopBUiaiui 50'0 ’d'a JO uoisnjui qsajd 

*03 X Jad jrnti st[Bxr3rp 

pjBpuBis iBuopBUj93ur X saiBiuo3 ‘d'a siiujiSip JO oanjouix 


Sil 


SUOI)BJBd9id 




174 


Heart Drugs' 


This has led to the suggestion that they play a physiologic 
role in the regulation of blood pressure. 

The mode of action of thiocyanates in lowering the blood 
pressure is not understood. The action is not readily ob- 
served in experimental animals. Claude Bernard in 1857 
demonstrated a depressing action of the thiocyanates on 
the heart but this depression apparently only occurs with 
near-lethal doses. A depressant action on the adrenal 
medulla with suppression of epinephrine secretion has cen 
suggested. Toxic effects include dermatologic lesions, nau- 
sea, heartburn, and mental disturbances; such as hal ucina 


tions, slurred speech and unsteady gait. ^ , 

In effective thiocyanate therapy, the fall in blood pres- 
sure develops slowly, usually after several weeks of treat- 
ment. Because of their toxicity and unreliabUity, thioqra- 
nates should be tried only under strict medical 
which must include a check of the blood level of the 
Thiocyanates may be of value in the prevention or 
viation of migraine if given in the prebeadache stag® o 
attack. They are of no value after the onset of a h^d , 
presumably because of the slowness with . J 

No thiocyanate preparations are included in e 
States or British Pharmacopoeias or in New and ono 


Remedies. 

PREPARATIONS 

(For xanthine preparations, see Chapters 10 and IS.) 
Digitalis U.S.P. Digitalis leaf B.P. Dried leaf of 


purpurea Linn6. 
Powdered digitalis U.S.P. 


0.1 Gm. equivalent to : 


digitalis unit. . 

Powdered digitalis B.P. 0.1 Gm. equivalent to 1 mtenia- 
tional standard digitaUs unit. 


tional standard digiiaus urat. . 

Digitalis Uncture V.S.T. Contains I U.S.P. digitaba u 


per cc. 
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Digilanid N.N.R. A mixture of lanatosides-A, -B, aad -C 
obtained from D. lanata in the same proportions in which 
they occur in the crude drugs. 0.4-0.8 mg. 

Tincture of strophanthus B.P. Activity equivalent to that 
of 0.42 per cent solution of international standard ouabain 
or 0.33 per cent solution of anhydrous ouabain. 0.12- 


Ouabain U.S.P.; G-strophanthin B.P. Glycoside obtained 
from seed of Strophanthus grains, 0.25 mg. (mtra. 

OiTbata injKtion U.S.P. Usually available as 0.2S mg. and 
0.5 mg. ouabain per cc. ^ . . 

Scilla B:P. Bulb of Vrginea scilla (Urgmea 
' (Urgittea indica was acceptable as a war emeg cy 
measure,) 0.06-0.2 Gm. , 

Vinegar of squill B.P. 10 per cent solution oi squill m dila 

acetic add. . . . - -ant 

Syrup of squill B.P. Contains approximately 4.5 per ce 

O^el' of' squill B.P. Contains approximately S per cent 

Tincture of squill B.P. Contains approximately 10 per cent 

SciUaren N.N.R. A mixture 
and sdllaren-B in the proportions f 

fresh crude squill. Administered orally 0^1-6 
Scillaren-B N.N.R. The amorphous g'y“^ 
maritima. Administered intravenously. 0.5 mg. 

Ouinidine sulfate U.SP.; B. P. 0.2-0.4 Gm. jn?r,m 

Ouinidlne-sulfate tablets U.SJ. Usually 0.1. 0.2 and 0. 
Sodium nitrite U.S.P. ; B.P. 60 mg. 

SoLm-nilrite tablets U.SJ>. Usually 30 and 60 mg. 

Amyl nitrite U.S.P. ; B.P. 0.2 cc (i^halatjon) 

Erytbrityl'tetranitrate tablets U.S.P., B.P. usual y 

30 mg. 30 mg. 

Mannitol hexanitrate N.N.R. 15-60 mg. 
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Drug Tkerapy of Hypertension 
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or cirrhosis of the liver, saline, xanthine or mercurial diu* 
reties are indicated. If the accumulation of fluid in tte 
chest seriously embarrasses the work of the heart or lungs, 
it should be removed by paracentesis. 

Diuretics are no't effective in the presence of severe car- 
diac or renal damage since urine formation requires ade- 
quate blood pressure and blood flow and also a function- 
ing kidney. Injudicious use of diuretics may lead to d^ 
hydration or to chloride depletion. In such cases, anuria 
or oliguria may arise because of the lack of salt to aid in 
the excretion of water. Hence, edema will persist despite 
the use of additional diuretics. Occasionally, if diuretics are 
used during or shortly after digitalis therapy, they may 
cause a mobilization of digitalis in the body and precipi ® 
digitalis poisoning. 


CRYSTALLOID DIURETICS 

Water is an effective diuretic agent and has even been 
used for the treatment of severe edema. It requires in i 
passage through the kidneys a certain amount of salt, w i 
it abstracts from the tissues. This, in turn, leads o 
excretion of additional water since the . ,-i 

blood must be maintained. In the normal indivi 
excessive fluid intake may lead to salt depletion. 

The most effective saline diuretics are those wit 
ions and those which are more or less foreign to the bo y , 
thus the order of effectiveness is potassium, ammonium, 
sodium, and nitrate, chloride, bicarbonate, acetate 
citrate. Potassium nitrate, introduced by Wdlis m IM , 
the most effective saline diuretic though doses “ . 

or more a day are required. Isotonic salme is the 
satisfactory agent for producing a profuse diuresis 
to counteract stone formaUon, to irrigate „ , 

In infections or to hasten the excretion of 
Substances such as urea and parenterally admin 
Ltorl! which are readily filtered by the glomeruli but 
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ever, and it has a much more irritating effect on the gastro- 
intestinal tract. It is better tolerated and more readily 
absorbed if given in combination with other preparations, 
such as theophylline and sodium citrate, and aminophylline 
(theophylline ethylenediamine). The latter preparation is 
also used as a coronary dilator and in the treatment of 
asthma. 

The manner by which the xanthines effect their diuretic 
action is not wholly understood. It appears most likely that 
they act on the glomenili, increasing the rate of glomerular 
filtration. They also have an indirect action through their 
effect on the heart, since they strengthen the beat and 
thereby improve the circulation. The xanthines are not as 
effective as the mercurial diuretics. It has been suggested 
that their action is limited by a physiologic stimulation of 
the posterior pituitary leading to a compensatory secretion 
of the antidiuretic (pressor) hormone. 

MERCURIAL DIURETICS 

o=c— N 

C— 0-Hg-/^CI /'V-CONHCHgCHCHgHgt’H 

O^C-NH IJ-OCf^COONa OCHjCOONo 

Merbaphen Mersalyl 

The diuretic action of mercury compounds has been 
known for centuries, but its usefulness was always over- 
shadowed by toxic manifestations. The modem use of mer- 
curial diuretics dates from 1886 when Jendrassik in Hun- 
gary reported the value of mercurous chloride (calomel) w 
the treatment of cardiac edema. The cathartic properties 
of the drug limited its use and mercurials were virtually 
abandoned until 1920, when Saxl and Heilig introduced the 
first organic mercurial diuretic, merbaphen (novasurol)- 
This compound had been developed a few years earlier 3S 
an antisyphilitic. It proved to be quite toxic as a diuretic 
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renal damage since slow excretion may give rise to chronic 
mercury poisoning. 

' Toxicity. Toxic reactions to mercurial diuretics include 
dyspnea, substcrnal oppression, cyanosis, sweating, brady 
cardia and syncope. Sudden deaA may occur, due appar 
ently to a direct action of mercury on the ventricular musdi 
causing fibrillation. Some protection to the heart is said tc 
be offered by small doses of magnesium sulfate. Late toxic 
effects are characteristic of chronic mercury poisoning 
(mercurialism) and indude stomatitis, salivation, coL'ti; 
and degeneration of the kidney tubular epithelium. 

PREPARATIONS - ^ 

UreaU.S.P.; B.P. 2£M0 Gm. ~ 

Ammonium chloride U.S.P.; B.P. 3-6 Gm. 

Potassium acetate U.S ; B.P. 1-4 Gm. 

Potassium citrate U.S.P.; B.P. 1-2 Gm. 

Potassium nitrate B.P. 0.3-1 Gm. 

Theophylline U.S.P.; B.P. 0.2 Gm. 

Theophylline tablets U.S.P. Usually 100 and 200 mg. tab- 
lets. 

AminophylUne U.S.P. ; B.P. 0.I-0.2 Gra. 

Aminophylline injection U.S.P. Usually available contain- 
ing the following amounts of theophylline ethylenedia- 
mine: 0.2S Gm. in 10 cc.; 0.5 Gm. in 2 cc., and 0.5 Gm 
in 20 cc. 

Aminophylline tablets U.S.P. Usually 0.1 and 0.2 Gm. tab- 
lets. 

Theophylline and sodium acetate U.SJ?.; B.P. 0.2 Gm. 
Theophylline and sodium-acetate tablets U.S.P. Usually 
0.1 and 0.2 Gm. tablets. 

Theobromine and sodium acetate U.S.P.; B.P. 0.5 Gm* 
'Heobromine and sodium-acetate tablets U.S.P. Usually 
0.1 and 0.2 Gm. tablets. 

Xheocalcin N.N.R. Mixture of calcium theobromine and 
calcium salicylate. 0.5-1 Gm. 
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Diuretics 


renal damage since slow excretion may give rise to chronic 
mercury poisoning. 

Toxicity. Toxic reactions to mercurial diuretics indudfi 
dyspnea, substernal oppression, cyanosis, sweating, brady- 
cardia and syncope. Sudden death may occur, due appar- 
ently to a direct action of mercury on the ventricular musde 
causing fibrillation. Some protection to the heart is said to 
be offered by small doses of magnesium sulfate. Late tone 
effects are characteristic of chronic mercury poisoning 
(mercurialism) and include stomatitis, salivation, colitis 
and degeneration of the kidney tubular epithelium. 

PREPARATIONS 
UreaU.S.P.; B.P. 2CM0 Gm. - 
Ammonium chloride U.S.P.; B.P. 3-6 Gm. 
PotassiumacetateU.SJ*.;B.P. 3-4 Gm. 

Potassium citrate U.S.P.; B.P. 1-2 Gm. 

Potassium nitrate B.P. 0.3-1 Gm. 

Theophylline U.S.P.; BJP. 0,2 Gm. 

Theophylline tablets U.S.P. Usually 100 and 200 mg. tab- 
lets. 

Aminophylline U-S.P. ; B.P. 0,l-0.2 Gm. 

Aminopbylline injection U.S.P. Usually available contain- 
ing the following amounts of theophylline ethylenedia- 
mine: 0.25 Gm. in 10 cc.; 0.5 Gm. in 2 cc,, and 0.5 Gm. 
in 20 cc. 

Aminopbylline tablets U.S.P. Usually 0.1 aad 0.2 Gm. tab- 
lets. 

Theophylline and sodiiun acetate U.S.P.; B.P. 0.2 Gm- 
Theophylline and sodium-acetate tablets U.S.P. Usually 
0.1 and 0.2 Gm. tablets. 

Theobroniine and sodium acetate U.S.P.; B.P. 0.5 Gm. 
Theobromine and sodium-acetate tablets U.S.P. Usually 
0.1 and 0.2 Gm. tablets, 

Theocalcin N.N.R. Mixture of calcium theobromine and 
calcium salicylate. 0.5-1 Gm. 
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phate to prevent the toxic effects of their intravenous 
administration, Brit. Heart J. 6: 197, 1944. 

Ruskin, A., and G. R. Herrmann : Studies in combined 
diuretic therapy, J. Lab. & Clin. Med. 29:486, 1944. 

Wexler, J., and L. B. Ellis: Toxic reactions to the intra- 
venous injection of mercurial diuretics, Am. Heart J. 
27:86. 1944. 
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basis until the recognition in 1900 of the existence of various 
blood groups and the introduction in 1914 of the relatively 
nontoxic anticoagulant sodium citrate. 

Transfusion of whole blood is the treatment of choice u 
hemorrhage since it maintains the normal blood volume, 
prevents hypoxia and shock and maintains the blood-plasm: 
proteins. It is also of value in the treatment of shock fron 
burns, especially if anemia has developed. For immediatf 
treatment, plasma or saline is probably preferable since tli 
fluid, rather than the cellular elements, is lost. 

Whole blood retains its usefulness for from 3 to S week 
or more if suitably preserved. The prothrombin, however,! 
destroyed in a few days’ time, hence in hemorrhage due t' 
hypoprothrombinemia, fresh blood should be used. Sodiu: 
citrate is generally used as an anticoagulant, the final cod 
centration usually being 0.25 per cent. This concenfratio 
will not result in toxic symptoms unless large volumes c 
blood are injected very rapidly. Calcium gluconate is a 
effective antidote to citrate intoxication. Glucose is 
quently added to citrated blood since it has been shown t 
prolong the life of the red blood cells. 

All blood for transfusions should be typed both as regard 
the Landsteiner groups and the Rh factor. Whenever poss 
ble, the patient should receive blood of the same type as h 
own. Universal group-0 type of blood may be used withoi 
typing cases of emergency. Such blood may produce ui 
toward effects in patients with type-A or type-B blood siw 
anti-A and anti-B agglutinins and hemolysins occasiona 
appear in high titer in group-0 donors and lead to hemri^ 
of the recipient’s cells. These agglutinins may be neutralize 
by the addition of A and B group-specific substances, thi 
minimizing the danger of reactions. With regard to the R 
factor, Rh-negative males should not receive repeated tran 
fusions of Rh-positive blood and Rh-negative women shou 
never receive Rh-positive blood. 
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Plasma, like whole blood, should be filtered before being 
administered, especially since particles of fibrin frequently 
settle out, leading to the danger of emboli formation or to 
the blocking of the transfusion needle. - 

Serum may be used in place of plasma. It has the advan- 
tage of not requiring an anticoagulant and of being ree 
from fibrin. However, the red blood cells are wasted during 
the preparation of serum. 

Red Blood Cells. During the manufacture of plasma, tne 
red blood cells are usually salvaged and stored in a sm^ 
quantity of plasma. These may be given in concentrate 
solution in cases of anemia, especially if prdiac insu ci 
exists and unnecessary fluid is to be avoided. They 
be administered after resuspension in saline or 
tion. Dried red-blood-cell powder has been used as a d 
ing material in poorly healing wounds but its value h 
been adequately established. . . 

Human Albumin. Human albumin can be used 
the osmotic pressure of the blood. Its only ^^^an g 
plasma lies in the fact that it can be given in hioWy ‘ ' 
Lted solution, which is of value in palients 
become edematous from excessive volumes of p 

‘'“Miscellaneous Plasma Fractions. Gamma “ 

by-product of the fractionation of the J „a.- 

recently proved of value in preventing or attennat g 
sles and infectious hepatitis. This P‘'‘^P“i*‘‘ , lialt 

replacing the use of convalescent serum, 
serum and placental extract for the passive im 
infectious diseases since it is considerably more p 
rnntent of immune bodies. . t . 

Fibrin loam and thrombin is a useful hemostatic ag 
the control of local bleeding, especially during bra 
‘ery. The fibrin foam is a porous matrix on whui » 
♦hrombin, obtained from prothrombin by human t 
* is absorbed. Gelatin has recently been shown to 


plastin 


01 pouad luajD^ns 'b jo; vjbmis poo^q aqi oi ureiuaj isniu 
Xaqi i pooiq Sup'Binojp luuijou jo itqi oj pnba Xpitiuixoad 
‘ds aanssaad ojioiuso puB Xitsodsia b jo suojinps Sutuijoj 
JO aiqBdBD aq isnui anjBA jo aq oj saauBjsqns qong 'auijcs 
oiuoiosi ui suojjBJBdaad jBpiojioo snoucA jo suojjtqos jo uoij 
-onpoJiui aqi oj pa{ puB sainjiisqns poojq aAipajja joj qajBas 
aqi paiBinuips suoisnjsuBJi JOj puBUiap XABaq axp ‘ji jBj\\ 
ppoAV puB I J^AV PI^OAV.qioq Suiina ‘suoimps I^Ploiloo 
*51 JajdBqo ui passnosip sr Buiapa paqaiao jo luamiBajj aqi 
aoj puB siuaSB oijaanip sb suojinjos pioijBisXaa jo asn aqx 
•uisiioqBjaui aiBjpXqoqiBO ui saouBqanisip jo 
sisojaq pajjoo oj uaijo ajoui inq Buiapa aAaijaj oj pajaj 
-siuiuipB XuBuotsBOoo aJB suoimios asooniS apqAi ‘sisoppB 
loaj'joo 01 pajaistuimpB aq Xbui aiBuoqjBojq uinipos jo 
aiBpBj xunipos ‘snqx -luauiaDBidaj poojq uBqi aaqio sasod 
-and JOJ Xgatqo pasn aiB suojiBJBdaad ppip^sXjo aaqiQ 
•SuqBaq punoM paXBjap puB Buiapa oi pnaj Xbui ‘jaAa 
-Moq ‘siunouiB aAissaoxg *suanq jo luauiiBaai Xpua aqi joj 
suoiinjos autjES jo asn aqi aiBOOApB Xubui agqAi ‘saanpaocad 
IBOiSjns Sutinp isoj ping aoBjdaj oi Xpuiinoj pajaisiuiiupB 
uaijo SI ‘uqinps s,ja2ui>i JO ‘uojinps oiuoiosi ui XqBnsn 
‘aptjojqo uinjpos ‘aaAaMOji ‘qooqs jo aSBqjaouiaq jo luauj 
•IBaii aqi oi siuaSs OAiiJoddns sb asn isaaS Xub jo aq oi X^pi 
-dBJ 00} asnjjip Xaqi inq 'saiXpaioaia isoj SupBjdai uj anjBA 
jo ajB suoiiBJBdaad piog^^sXJO •suojiBaedajd piouBisXao 

saxaxixsans aooia 

•pooiq JO SuidXi aqi joj Xippaaiumoa 
sinEiiEAT! 3re lJuisEid U.OJJ paacdsid smupniSScraiiosi 

-uiBjq aqi oi saSuiuaui aqi jo suois 
-SOPE 10 oopn3A3jd aqi JOj Jo swpsqns lEjnp e se XjaSjns 
-ojnou m p'ssn sj -tisqqm 'uiqi e jo sjsisuod 

Uiquiojql PUE asSouliqy uiojj psJEdoid uqq maqij "-{iiEom 
-liosj paipuEq XnsEo aaoui pire ojqEuiEjqo XppESJ oaoui Smsq 
JO SOSEJUEAPE oqj SEq puE uuqg SE osodind oiues sqj sajss 


£6T 


SOAllBAUad pooja 


194 Blood, Blood Derivatives and Blood Substitutes 


give a sustained effect ; they must be nonantigenic ; and they 
must not cause any deleterious effects. 

While in peacetime the demand for such substances is 
greatly reduced, they do offer the advantages of being in- 
expensive, convenient to store and easy to prepare and they 
can be given without typing or cross-matching. Howe\’er, 
at best they are poor alternatives for blood, plasma or serum. 

Gum acacia as a 6 per cent solution was widely used 
during the first World War, esi>ecially by the British Army. - 
However, it was later shown to be removed very slowly from 
the body, being stored largely by the liver and to a I^ser 
extent by the spleen and kidney. It has been said to lea to 
liver or kidney damage, and while this effect maybe due o 
Impurities, the use of acacia as a transfusion fluid h^ 
virtually abandoned. Recently, it has been advoca e 
the relief of edema in nephritfe. 

Gelatin was intrcrduced by Hogan in 1915, but it &cion 
became overshadowed by gum acacia. Its value has ^ 
been reinvestigated and it has been shown that sui 
gelatin as a 4 per cent to 8 per cent solution produces 
untoward effects. It may, however, cause a conglomera 
of red blood cells, which interferes with subsequent ypi 
of the blood ; hence, a sample of blood for typing purpo 
should be obtained prior to the injection. 

Gelatin supplies a number, but not all, of ^e essen i 
amino acids, but it is doubtful if it can contribute 
ciably to the production of tissue protein unless supp 
mented with other amino-acid preparations. 

Isinglass or “fish gelatin” in 7 per cent solution was sUo 
gested early in the recent war as a substitute for 
gelatin since it was thought that impure gelatin preparatio ^ 
might result in tetanus or anthrax infection or might giv 
rise to sensitization. However, with carefully 
gelatin, such complications apparently do not p 

disadvantage of gelatin solutions is that they gel at 2 
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Injectwn of sodium chloride and acacia BJ*. Coat^ 
9 Gm. sodium chloride and 17 Gm. acacia in 1,000 cc. 

Ringer’s solution (isotonic solution of three chlorides) 
U.S.P. Contains between 0.84 and 0.88 Gm. NaCI; 25-25 
mg. KCl and 30-36 mg. CaCJ2*2H20 in 100 cc. 

Lactated Ringer’s solution U,S.P. 

Isotonic sodium-chloride solution U.S.P. Contains between 
0.88 and 0.92 Gm. NaCI in 100 cc. 

Physiologic solution of sodium chloride B.P. Contains 
9 Gra. NaCI in 1,000 cc. 

Sodium lactate injection U.S.P. 

Dextrose injection U.S.P. 

Dextrose and sodium-chloride injection U.S.P. 
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Injection of sodium chloride and acacia B.P. Contains 
9 Gm. sodium chloride and 17 Gm. acacia in 1,000 cc. 

. Ringer’s solution (isotonic solution of three chlorides) 
U.S.P. Contains between 0.84 and 0.S8 Gm, NaCl; 25-25 
mg, KCl and 30-36 mg. CaCl2*2H20 in 100 cc. 

Lactated Ringer’s solution U,S.P. 

■ Isotonic sodium-chloride solution U.S,P. Contains between 
0.88 and 0.92 Gm. NaCl in 100 cc. 

Physiologic solution of sodium chloride B.P. Contains 
9 Gm. NaCl in 1,000 cc. 

Sodium lactate injection U.S.P. 

Dextrose injection U.S.P. 

Dextrose and sodium-chloride injection U.S.P. 
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tic appraisal of newly introduced drugs. Many of the drugs 
■ discussed are unpleasant to take and may cause severe 
toxic reactions but the severity and the poor prognosis of 
the diseases usually justify fteir use and stimulate the 
search for more effective compounds. 

IRON PREPARATIONS 

Preparations containing iron in a form available to Ihe 
body have long been used in the treatment of hypochromic 
anemias due to iron deficiency in the body. Symptoms 
resulting from this deficiency include anemia, weakness and 
lassitude, which are promptly relieved by adequate oral 
doses of inorganic iron preparations. Ferrous iron is effec- 
tive in smaller dosage than ferric and causes less gastric 
irritation. The addition of copper, manganese or cobalt with 
a view to enhancing the iron utilization is probably of lltUe 
or no value, with the possible exception of anemia in infants 
fed cows’ milk exclusively, since the dietary requirements 
of these elements is so small. 

Iron compounds are comparatively nontoxic, the primary 
effects of overdosage being gastro-intestinal cramps and 
diarrhea. In solution form, they may cause a black deposit 
on the teeth which can be readily removed by a toothbrush 
or avoided if the preparations are taken through a straw. 

The manner in which iron restores the blood hemoglobin 
and the metabolism of iron in the body are not wholly 
understood. Work with radioactive iron has shown that the 
amount of iron absorbed is apparently related to ,the needs 
of the body for iron. It is not excreted to any appreciable 
extent by the body. Parenteral administration of iron offers 
no, advantages and may cause local pain, gastro-intestinal 
effects and occasionally nephritfe. 

LIVER AND STOMACH EXTRACTS > 

Pernicipus anemia, a form of anemia due to defective 
erythrocyte maturation, was first described in detail by 
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the antlpernicious-anemia factor or factors. Castle’s work 
led to the introduction of desiccated hog stomach (ventricu- 
Hn) for the treatment of pernicious anemia. The activity 
of this preparation may be due to an unidentified intrinsic 
factor or to the adsorption on the mucosa of a liver princi- 
ple previously formed by the interaction of extrinsic and 
intrinsic substances. Its chief value lies in the treatment 
of patients sensitive to liver extracts. 

The site of formation of the intrinsic substance in the 
human being is thought to be in the fundus glands but the 
failure of pernicious anemia to develop after total gastrec- 
tomy has led to the suggestion that there may be an extra- 
gastric source as well, unless one assumes a long period 
of storage. 

Standardization of Antianemia Preparations. Since per- 
nicious anemia has been observed only in man, there is no 
method af assay of antianemia preparations using labora- 
tory animals. Standardization must be carried out on un- 
treated pernicious-anemia patients in a state of relapse. A 
U.S.P. unit is the minimal amount which, when given daily, 
will cause an adequate hematopoietic response. It is neces- 
sary to distinguish between “oral” units and “injectable” 
units since much smaller doses are effective by injection. 


PTEROYTGLUTAhllC ACID 


NsC-OH 
I I 

H,N-C C-N=C 
2 II H I 

N-C-N=C-Ct^-NH- 


0 

C-NH-CH-CH-CH.-COOH 
I 2 a 

COOH , 


Pterolc acid 


'Para-amino— 
benzoic acid 


Glutamic 

acid 


Pteroyiglutomic acid 


pteroylglutamic acid, “folic acid,” is a synthetic product 
prepared by Angier and his associates in 1945. It has given 
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RADIATION THERAPY 

Radiation therapy was first introduced for the treatment 
of blood dyscrasias by Pusey in 1902 and Senn in 1903. It 
is of established value in sudi conditions as polycythemia 
vera, chronic leukemias, lymphosarcoma, Hodgkin’s disease, 
multiple myeloma, endothelioma and Ewing’s tumor. Its 
effects are palliative only, mainly by relieving pain and 
pressure symptoms from enlarged lymph glands or spleen 
or from infiltrations of neoplastic growths. The radiation 
may be directed towards the neoplasm itself or towards 
the spleen, long bones and chest. Recently “spray” radia- 
tion has come into wide use. In this procedure, the whole 
body, except for the chest and genital organs, is exposed to 
a low intensity of radiation. The treatments may be given 
at frequent, regular intervals or a short, intensive treatment 
may be given and the patient allowed to remain untreated 
until a recurrence of symptoms develops. The most common 
untoward effect of radiation therapy is radiation sickness 
characterized by anorexia, nausea and vomiting. The white* _ 
blood-cell count must be followed closely during treatment 
since leukopenia may develop from excessive radiation. 

Excessive total body roentgen therapy may lead to Severe 
hemorrhages. Recently, Allen has reported that the bleeding 
is apparently associated with an increased output of heparin 
o'r heparin-like compounds in the body. His studies indicate 
that administration of toluidin blue (an antiheparin sub- 
stance) will control the bleeding by inactivating the heparin, , 
even though the platelet count may have been considerably 
reduced. Preliminary clinical studies suggest that this dye 
may also control petechial hemorrhages and thrombocyto- 
penic puerpera, but is ineffective in treatment of prothrom- 
bin deficiency and in hemophilia. 

RADIOACTIVE PHOSPHORUS 

Radioactive phosphorus (P^*) was first introduced into 
medicine in 1936 for the treatment of blood dyscrasias by 
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disease, or in the lymphatic leukemias, in Hodgkin’s disease, 
in reticular-cell sarcoma and in lymphosarcoma. 

' Undesirable effects of radioactive phosphorus therapy 
include leukopenia, thrombocytopenia and anemia due to 
the depressant action on the bone marrow. The dosage of 
the drug is regulated by blood and marrow examinations and 
by general clinical observations. With adequate precautions, 
toxic effects can be avoided or minimized. The usual single 
dose of is one millicurie, a course of treatment includ- 
ing from 3 to 7 such doses.. Up to IS millicuries may be 
used in a course of treatment for polycythemia vera. 


/CHs CHj Cl 
\CH, CHj Cl 


NITROGEN MUSTARDS 
HsC— 


CHj CHi Cl 
CHs CHs Cl 


Bis (P chloroetbyl) Sulfide 
(Mustard) 


Methyl Bis (P chloroetbyl). Amine 
(A Nitrogen Mustard) 


The clinical value of the nitrogen mustards was first sug-' 
gested by toxicity studies undertaken both by German and 
American scientists to determine their possible use as chem- 
ical warfare agents. It was found that certain P-chloroethyl 
compounds of this series were most toxic to areas of rapid 
growth, such as the hematopoietic system and the intestinal 
tract. As a result, they have been tried in the treatment of 
neoplastic diseases, lymphosarcoma and leukemia. The most 
encouraging effects have been obtained In the treatment of 
Hodgkin’s disease though the results are apparently no 
better than those obtained by radiation therapy. Results- 
in leukemia have been disappointing. 

Toxic effects of the nitrogen mustards include moderate 
lymphopenia, neutropenia, thrombocytopenia, anemia, occa- 
sional bleeding tendencies and nausea and vomiting. The 
activity of the nitrogen mustards decreases very rapidlj- , 
after solution in water, hence freshly prepared solutions in 
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treatment of polycytiemia vera. The commonly used prep- 
, aration is arsenic trioxide, either in the form of a solution of; 
arsenious oxide or a solution of potassium arsenite (Fowler's 
solution). Injudicious use of these compounds may lead to 
symptoms of chronic arsenic poisoning, including polyneu- 
ritis, keratosis and cirrhosis. 

URETHANE 

NHi 

I 

C=0 

I 

0-C, Hs 

Urethane (ethyl carbamate) has recently been used in 
England in the treatment of leukemia. The therapeutic 
effects appear to be essentially similar, to those obtained 
with roentgen therapy. They include a fall in total white- 
cell count, a tendency for the differential count to approach 
a more normal pattern, diminution in the size of the spleen 
and of enlarged lymph nodes and a rise in hemoglobin. 
Toxic effects are slight, consisting of gaslro-fntestinal upsets 
and drowsiness. The therapeutic action of urethane may 
be associated with its inhibitory effect on mitosis which has 
been demonstrated with plant and animal cells. 

ANTICOAGULANTS 

** Anticoagulation therapy using heparin or dicumarol is 
a recently introduced method for the prevention of thrombi 
and emboli, espedally in conditions of accidental or surgi- 
cal trauma. It is of no benefit if the blood clots have 
already formed except that it may prevent their further 
extension. 

Heparin is an anticoagulant substance present in the 
tissues of the body. It was isolated from the liver by 
Howell and Holt in 1916. Its exact chemical nature has not 
been determined. It may not be a single substance but 
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by interference with the en 2 yme system responsible for its 
elaboration. It is effective in vivo but not in vitro. 

Dicumarol offers the advantages over heparin of being 
effective on oral administration and of being relatively 
inexpensive. However, there is usually a delay of about 48 
hours before its effect is apparent. Furthermore, its action 
may persist for several days and cumulative poisoning may 
occur with hemorrhages as the main toxic effect. It can be 
readily antidoted with large doses of vitamin K preparations 
or by blood transfusions. During the administration of 
dicumarol, the prothrombin level should be followed daily 
and should not be permitted to fall below from 10 to 30 per 
cent of the normal. Dicumarol should not be given to pa- 
tients with hemorrhage tendencies or with liver or kidney 
disease. When an immediate yet protracted anticoagulant 
effect is desired, dicumarol may be given together with 
heparin, the heparin being discontinued as soon as a satis- 
factory prothrombin level has been reached. 


COAGULANTS 



Vitamin Ki Vitamin K2 Menadione 

. (From Plants) (From Micro-organisms) (Synthetic) 


Vitamin K Preparations. The existence of an antihem- 
orrhagic factor in green plants was first demonstrated by 
Dam in 1929. He showed that chicks raised on a deficient 
diet developed hemorrhagic manifestations which could be 
alleviated by the addition of alfalfa to the diet. The active 
principle was isolated simultaneously by Dam and by Doisy 
in 1939- Subsequently, Dofey isolated a second anti- 
hemorrhagic principle from putrified fish meal. This prin- 
ciple apparently does not occur in plants and is known as 
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Ferric ammonium citrate capsules U.S.P. Usually contain 
O.S Gm. Ferric ammonium citrate. 

Iron and quinine sulfate B.P. Contains approximately ISfo 
iron and 1S% anhydrous quinine. 0.3-1 Gra. 

Pills of ferrous carbonate (Blauds’ pills) B.P. Each pill 
contains not less than 60 mg. FeCOg. 5 pills. 

Saccharated iron carbonate B.P. 0.6-2 Gm. 

Injection of iron B.P. Contains double salt of citrate of 
iron and ammonium. (Intramuscular). 1-2 cc. 

Syrup of ferrous iodide B.P. Contains Fel^. 2-8 cc. 

Compound syrup of ferrous phosphate (Parrish's syrup) 
B.P. Contains 0.9% anhydrous ferrous phosphate. 2-8 cc. 

Syrup of ferrous phosphate with quinine and strychnine 
(Easton’s syrup) B.P. Contains 1.8% anhydrous ferrous 
phosphate, 1.09% anhydrous quinine and 0.0246% strych- 
nine. 2-4 cc. 

Citrated ferrous chloride B.P. 0.2-0.3 Gm. 

Ferrous lactate NJ>r.R. 0.06-1.3 Gm. 

Liver extract U.S.P.; B.P. 1 U.S.P. unit. 

Liquid extract of liver B.P. Each cc. equivalent to 8 Gm. 
raw liver. 30 cc 

Liver solution U.S.P. 1 U.S.P. unit. 

Liver injection U.S.P. Usually contains 2 and 2 V.S.P. 
units in 1 cc. injected intramuscularly. 1 U.S.P. unit. 

Powdered stomach U.S,P. 1 U.S.P. unit. 

Liver with stomach U.S.P. 1 U.S.P. unit 

ExtraJin N.N.R. A liver-stomach concentrate administered 
orally. Contains 1 U.S.P. unit in ,6 Gm. 

Potassium arsenite solution U,S.P. Arsenical solution B.P. 
(Fowler’s solution) approximately 1% solution of ar- 
senic trioxide with potassium bicarbonate. 0.2 cc. 

Menadione U.S.P. Menaphthone B.P. 1 mg. 

Menadione tablets U.S.P. Usually 1 and 2 mg. tablets. 

Menadione sodium bisulfite U.S.P. intravenous or intramus- 
cular. 2 rag. 
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Drugs Affecting 
the Gastro-Intestinal Tract 

INTRODUCTION CATHARTICS 

ANTACIDS ANTmiARRHEAL AGENTS 

CHOLERETICS MISCELLANEOUS PREPARATIONS 

PREPARATIONS 

INTRODUCTION 

Drugs discussed in this chapter include antacids, chol* 
eretics, cathartics, antidiarrhea! agents and miscellaneous 
preparations which are either little used or whose thera- 
peutic value has not been fully established. Other drugs 
often administered for their effect on the gastro-intestinal 
tract include opium and morphine, used to treat diarrhea 
and to relieve severe abdominal pain; antispasmodics such 
as papaverine, the parasympatholytic agents and the ali- 
phatic amine, octin, which are used in the treatment of 
gastro-intestinal and biliary spasm; posterior pituitary, 
used to stimulate the intestinal musculature and to allay 
distention; and the anthelmintics, amebacides and certain 
sulfonamides which are used in infections of the gastro-in- 
testinal tract. 

ANTACIDS 

Antacids are^drugs which reduce the acidity of the gas- 
tric secretion. They are used chiefly in the treatment of 
peptic ulcer. While the etiology of this condition is not 
218 
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Detergents such as sodium alley] sulfate and sodium 
lauryl sulfate inactivate pepsin in vitro but their action in 
vivo is disappointing. These preparations have ^ot as yet 
proved oi value in the treatment of gastric ulcer. 

CHOLERETICS 


Choleretics are substances which increase the output of 
bile. The most important are bile salts and related prepara* 
tions. 

The bile salts when given by mouth are absorbed from 
the intestine and re-excreted by the liver in the bile, 
thus entering the same cyclic process as endogenous bile 
salts. They are of value in promoting the absorption of fats 
and fat'SoIuble vitamins from the intestinal tract’ when 
the normal biliary output is reduced or absent. 

Dehydrocholic acid (decholin), an oxidation product of 
cholic acid derived from natural bile salts, and its sodium 
salt, sodium dehydrocholate, have a hydrocholeretic action. 
They increase the volume of the biliary secretion by in- 
creasing the water content without increasing the output 
of the bile salts. These preparations are of some value in 
"flushing out” the biliary tract but should be avoided in 
cases of complete biliary obstruction. They have a mild 
diuretic action and potentiate the action of mercurial 
diuretics. These preparations may be employed in chole- 
{^stography to hasten the appearance of the shadow and the 
subsequent removal of the dyestuff from the biliary tract. 

Cholecystagogues are substances which cause evacuation 
of the gallbladder, either by (he contraction of /its mus- 
culature (fats and cholecystokinin) or by relaxation of the 
sphincter of Oddi (nitrites and antispasmodics). 

CATHARTICS 


Cathartics are used to relieve constipation or to hasten 
the evacuation ot toxic snbsUnces from the bowei. Ca- 
thartic action depends usually on increased intestinal move- 
me^ induced either by increased bulk of the intestinal 
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Detergents such as sodium alkyl sulfate and sodium 
lauryl sulfate inactivate pepsin in vitro but their action in 
vivo is disappointing. These preparations have^ot as yet 
proved of value in the treatment of gastric ulcer. 

CHOLERETICS 

Choleretics are substances which increase the output of 
bile. The most important are bile salts and related prepara- 
tions. 

The bile salts when given by mouth are absorbed from 
the intestine and re-excretcd by the liver in the bile, 
thus entering the same cyclic process as endogenous bile 
salts. They are of value in promoting the absorption of fats 
and fat-soluble vitamins from the intestinal tract when 
the normal biliary output is reduced or absent. 

Dehydrocholic acid (decholin), an oxidation product of 
cholic acid derived from natural bile salts, and its sodium 
salt, sodium dehydrocholate, have a hydrocholeretic action. 
They increase the volume of the biliary secretion by in- 
creasing the water content without increasing the output 
of the bile salts. These preparations are of some value in 
“flushing out” the biliary tract but should be avoided in 
cases of complete biliary obstruction. They have a mild 
diuretic action and potentiate the action of mercurial 
diuretics. These preparations may be employed in chole- 
cystography to hasten the appearance of the shadow and the 
subsequent removal of the dyestuff from the biliary tract. 

ChoJecystagogues are substances which cause evacuation 
of the gallbladder, either by the contraction of /its mus- 
'Culature (fats and choletystokinin) or by relaxation of the 
sphincter of Oddi (nitrites and aatispasmodics). 


CATHARTICS 

Cathartics are used to relieve constipation or to hasten 
the evacuation of toxic substances from the bowel. Ca- 
thartic action depends usuaHy on increased intestinal move- 
ments induced either by increased bulk of the inlesUnal 
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characteristic symptom is profound depression. Calcium 
salts are effective antidotes. 

2. Plant colloids include insoluble gums, such as plan- 
tago seed (psyllium seed) and agar, which take up water 
and swell to give considerable bulk, and bran, which con- 
tains a high proportion of indigestible celluloses and hemi- 
celluloses which have a water-binding action. Bran may 
also act by irritating the mucous membane of the intestinal 
tract and should not be used in such conditions as colitis. 

3. Emollients include bland oils, such as liquid petro- 
latum and olive oil. It has been suggested that these sub- 
stances coat the intestine with an oily film which interferes 
with the absorption of water and thus increases the bulk 
and fluidity of the intestinal contents. Prolonged use of 
liquid petrolatum may lead to the loss of the fat-soluble 
vitamins, to loss of weight due to poor absorption of food- 
stuffs'^rom the intestinal tract and to pruritus ani due to 
an interference with anal hygiene by leakage of oil from 
the anus. 

Drugs which act by irritation or stimulation : 

1. Irritant oils include castor oil and croton oil. The 
activity of castor oil is due to its hydrolysis in the intestine 
to the mildly irritating ricinoleic acid. Croton oil contains 
a violently irritating resin and is seldom used except in 
veterinary medicine. 

2. Anthracene cathartics, such as senna, rhubarb, cas- 
cara and aloe, owe their activity to polyhydroxyanthraqui- 
nones, present usually as glycosides. Such preparations were 
formerly thought to have, a tonic effect on the intestinal 

3. Cathartic resins include such preparations as euphor- 
bium, jalap, ipomoea, elaterin, podophyllum, gamboge and 
colocymth in which the active ingredient is often a gluco- 
resin. These substances are seldom used nowadays because 
of the severity of their actira. 
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entrance of vomitus into the respiratory tract. Hence the 
tendency is to replace emetics in modern practice by the 
stomach pump. Apomorphine, which is prepared from mor- 
phine by the abstraction of one molecule of water, is prob- 
ably one of the safest and most effective emetics. Given by 
hypodermic injection, it acts promptly in very small dosage 
and is nonirritating to the stomach. , 

In small doses, emetics increase sweating (diaphoretic 
action) and increase the secretion of fluid from the respira- 
tory tract (expectorant action). Expectorants are of value 
in the treatment of inflammatory conditions of the lungs 
and of the air passages by aiding in the removal of mucus 
or exudates. Other types of expectorants include saline 
expectorants, such as ammonium chloride or carbonate, 
citrates and iodides, and irritant expectorants, such as terpin 
hydrate, cresote and squill, which arc said to stimulate 
repair processes by irritation of the mucous membrane. 

Carminatives are substances which relieve gaseous dis- 
tension of the stomach or Intestines. They include sodium 
bicarbonate and a number of flavoring agents, such as 
caraway, capsicum, cardamon, cinnamon, clove, ginger and 
peppermint, in which the active agent is a volatile oil. 

Bitters are substances used to increase salivary and gas- 
tric secretions and to improve the appetite. Their action 
is probably largely psychic, although they may act reflexly 
by stimulating the taste buds. They are effective in very 
small doses. Preparations include compound tincture of 
gentian, tincture of nux vomica, and quinine and its salts. 
The are rarely prescribed in modern practice. 

Hydrochloric acid in dilute solution may be prescribed 
when the normal hydrochloric add of the stomach is reduced 
or absent. Its effectiveness is probably due to its action 
in liberating gastro-intestinal hormones, rather than to any 
effect on the free acidity of the gastric juice. 

Pancreatin is a preparation containing the enzymes tryp- 
sin, amylase and lipase. It is nWained from the fresh 
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Magnesium trisilicate U.S.P.; B. P. 1.0 Gm. 

Tribasic calcium phosphate N.N.R. Calcium phospate BJ*. 
1-S Gm. 

Tribasic magnesium phosphate N.N.R. 1-5 Gm. 

Dried aluminum hydroxide gel U.S.P. 0.6 Gm. 

Aluminum hydroxide gel U.S.P. Contains approximately 
4 per cent AI2O3, chiefly as hydrous oxide of aluminum. 
8 cc. 

Aluminum phosphate gel NJ^.R. 15-30 cc. 

Gastric mucin N.N.R. 2.5 Gm. 

Choleretics 
Ox-bile extract U.S.P. ; B,P. 0.3 Gm. 

Ox-blle extract tablets ir.S.P. LTsually contain 0.3 Gm. 
extract of ox bile. 

Dehydrocholic acid N.N.R. 0.25-0.5 Gm. 

Sodium dehydrocholate NJ'T.R. Available as a 20 per cent 
solution for intravenous injection. 5-10 cc. 

Cathartics 

Magnesium sulfate (Epsom salt) U.S.P.; B.P. 15 Gm. 
Magnesium citrate solution U.S.P. Contains about 1.6 per 
cent magnesium citrate in flavored carbonate solution. 
200 cc. 

Compound effervescent powders (Seidlitz powders) U.S.P. 
Blue paper contains 2.5 Gm. sodium bicarbonate and 7.S 
Gm. potassium and sodium tartrate ; white paper contains 
2.16 Gm. tartaric acid. 

Sodium phosphate U.S.P. B.P. 4 Gm. 

Effervescent sodium phosphate ITJS.P. Contains 20 per cent 
sodium phosphate. B.P. Contains 50 per cent sodium 
phosphate. 

Sodium biphosphate U.S.P. ; B.P. 0.6 Crn.-4.0 Gm. 

Sodium sulfate (Glauber’s salt) U.S.P.; B. P. 15 Gm. 
Effervescent sodium sulfate B.P. Contains SO per cent so- 
dium sulfate. 
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Aromatic rhubarb tincture U.S.P. Contains 20 per cent 
rhubarb. 

Aromatic rhubarb syrup U.S.P. Contains IS per cent aro- 
matic tincture of rhubarb. 10 cc. 

Compound tincture of rhubarb B.P. Contains 10 per cent 
rhubarb. 2-4 cc. 

Cascara sagrada fluid extract U.S.P.; B.P. 1 cc. represents 

1 Gm. cascara sagrada. 2-4 cc. 

, Aromatic cascara sagrada fluid extract U.S.P. Elixir of cas- 
cara sagrada B.P, 1 cc. represents 1 Gm. cascara sagrada. 

2 cc. 

Cascara sagrada extract U.SJP. 1 Gm. of extract represents 

3 Gm. cascara sagrada. 0.3 Gm. 

Cascara sagrada extract tablets U.S.P. Usually contain 0.12, 
0.2 and 0.3 Gm. 

Dry extract of cascara sagrada B.P. 0.12-0.5 Gm. 

Aloe U.S.P.; B.P. Dried juice of leaves of various species of 
aloe. 0.25 Gm. 

Aloin U.S.P.; B.P. Mixture of active principles of aloe. 
15 mg. 

Pill of aloes B.P. Contains 58 per cent aloe. 0.25-0.5 Gm. 
Pill of aloes and asefetida B.P. Contains 30 per cent aloe. 
0.25-0.5 Gm. 

Pill of aloes and iron B.P. Contains 20 per cent aloe. 0.25- 
0.5 Gm. 

Jalap B.P. Dried tubercles of Ipomoea purga. 

Powdered jalap B.P. 0.3-1.2 Gm. 

Compound powder of jalap B.P. Contains 30 per cent pow- 
dered jalap. 0.6-4 Gm. 

Ipomoea B.P. Dried root of Ipomoea orizabensis. 0.3- , 
1.2 Gm. 

Scammony resin B.P. Mixture of resins from ipomoea. 
0.03-0.2 Gm. 

Podophyllum B.P. Dried rhizome and roots of P. peltatus. 

^ 0.12-0.6 Gm. 
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Ipecac fluid extract U.S,P.; B,P, .Contains approximateiy 
2 per cent ether-soluble alkaloids *of ipecac. 0.5 cc. 

Ipecac syrup U.S.P. Contains 7 per cent fluid extract of 
ipecac. Emetic, 8 cc. Expectorant, 1-2 cc. . 

Antimony potassium tartrate (tartar emetic) U.S.P.; B.P. 
Emetic, 30 mg. Expectorant, 3 mg. 

Apomorphine hydrochloride U.S.i^.; B.P. Emetic, 5 mg. 
Expectorant, 1 mg. 

Anise oil U.S.P. 0.2-0.3 cc. 

Caraway U.S.P.; B.P. 0.6-2 Gm. 

Cardamom seed U.S.P.;-B,P. 0.6-2 Gm. 

Compound cardamom tincture U.S.P. ; B.P. Contains carda- 
mom seed, cinnamon and caraway. 4 cc. 

Cinnamon U.S.P. ; B.P. 0.3-I.2 Gm. 

Cinnamon oil U.S.P. ; B.P. 0.1 cc. 

Clove U.S.P. ; B.P. 0.32-0.65 Gm. 

Ginger U.S.P.; B.P. 0.6 Gm. 

Ginger fluid extract U.S.P. 0.6 cc. 

Peppermint U.S.P. 

Peppermint oil U.S.P. 0.06-0.3 cc. 

Compound gentian tincture U.S.P.; B.P. Contains gentian, 
bitter orange peel and car&amom seed. 4 cc. 

Tincture of nux vomica B.P. 0.6-2 cc. 

Diluted hydrochloric acid U.S.P. ; B.P. Contains approxi- 
mately 10 per cent hydrochloric acid, 4 cc. (well diluted). 

Pancreatin U.S.P. ; B.^. 0.5 Gm. 
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ERGOT 

Ergot is a fungus, Claviceps purpura, which infects vari- 
ous grains. The official (N.F.) source of ergot is the dried 
sclerotium of the fungus developed on rye plants. A number 
of alkaloids have been isolated from ergot, all of which have 
lysergic acid as a basic nucleus. The most important of 
these alkaloids are the levorotafory compounds ergotoxine 
(1906), ergotamine (1918), ergonovine (I93S) and ergosine 
(1936) and their respective dextrorotatory isomers, ergoti- 
nine (1878), ergotamine (1920), ergometrinine (1935) and 
ergosinine (1936). The levorotatory compounds have 
marked pharmacologic activity while the dextrorotatory 
compounds are relatively Inert. Recent work by Stoll and 
his associates indicates that ergotoxine is not a pure com- 
pound but a mixture of crgokryptine, ergocornine and ergo- 
cristine in varying amounts. 

The ergot alkaloids have the common properly of stimu- 
lating smooth muscle directly. Ergoto-xine and ergotamine 
also have a sympatholytic effect when used in large doses. 
This action is limited to excitatory effects of sympafhin 
or epinephrine. 

For many years, it was believed that all the oxytocic 
activity of ergot was vested in the water-insolublealkaloids, 
ergotoxine and ergotamine. However, in 1932, Moir showed 
that aqueous extracts of ergot had a definite uterus-stimu- 
lating effect when given by meuth, and by 1935 four labora- 
tories working independently succeeded in isolating from 
such extracts an alkaloid known officially in the United 
States as ergonovine, and in Britain as ergometrine. Ergota- 
mine and ergotoxine have very similar pharmacologic and 
toxicologic properties, though the latter has had little clin- 
ical use, since it appears to be a somewhat more toxic and a 
less reliable uterine stimulants. Ergotamine is usually given 
by intramuscular injection since it is erratically absorbed 
when given by mouth. Ergonovine has fewer side reactions 
than ergotamine or ergotoxine and it is nontoxic in doses 
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the vessels of the scalp and the dura mater and that ergot- 
amine gives relief in the latter instance by producing 
vasoconstriction. Ergonovine is much less effectfve'in this 
respect. A new compound, dihydroergotamine {DJI.E. 4S), 
• formed ,by the hydrogenation of ergotamine, has recently 
been reported to be as -effective as ergotamine in the treat- 
ment of migraine. It has little or no uterus-stimulating 
activity and is much less toxic than ergotamine. 

Ergot Poisoning. Ergot poisoning (ergotism) may result 
from the injudicious clinical use of ergot preparations or 
from the ingestion of ergot-infested rye. Epidemics of er- 
gotism from the latter cause were formerly quite common, 
especially in European countries. Two types of i^ronic 
ergotism are differentiated, the gangrenous type and the 
spasmodic convulsive type. The gangrenous type, which 
is due to vascular spasm, is characterized by severe pain 
and cyanosis in the extremities, which may be followed 
by dry gangrene. In the Middle Ages this type of poisoning 
was known as the “fire of St. Anthony” or “holy fire." In 
the convulsive type of ergotism, twitchings and epileptiform 
convulsions occur, frequently followed by delirium, blind- 
ness, deafness, paralysis and insanity. Since this type of 
poisoning is not observed in communities in which the 
diet is rich in diary products, it has been suggested that 
it is associated with a vitamin A deficiency. 

Ergot preparations should be used cautiously, especially 
if repeated administration is necessary, because of the dan- 
ger of causing gangrene. The treatment, should this occur, 
is not very satisfactory though it has been claimed that 
relief may be afforded by the vascular antispasmodic action 
of papaverine. Ergonovine is apparently free from the 
gangrene-producing action of ergotamine and ergotoxine. 

Standardization of Ergot. Crude ergot preparations are 
assayed either by biologic or chemical procedures. The 
chernical methods in general tend to give values that are^ 
too high because of the fact that inactive alkaloids may be 
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increasingly less responsive as the puerperium progresses, 
though its reactivity can be prolonged or restored if ade- 
quate doses of estrogens are given. 

Pitressin is much more effective than pitocin in eliciting 
contractions in isolated strips of the pregnant and the 
nonpregnant human uterus. Pitocin, however, contracts the 
isolated virgin guinea-pig uterus while any action of pitres- 
sin in this respect is due to the presence of the contaminat- 
ing oxytocic fraction, neither fraction being as yet com- 
pletely separated from the other. The specific action of 
the oxytocic hormone on the isolated virgin guinea-pig 
uterus forms the basis of the official method for the bio- 
assay of posterior-pituitary extracts. 

In the normal parturient patient, posterior pituitary or its 
pressor fraction in therapeutic doses ijoes not produce any 
appreciable effect on the blood pressure. In the patient with 
eclampsia or pre-eclampsia, however, there is a marked rise 
in blood pressure and a decrease in urine volume, condi- 
tions which might predispose to an eclamptic attack. Be- 
cause of this and because the pressor fraction appears more 
prone to cause posterior-pituitary “shock,” the use of the 
oxytocic fraction is to be preferred in obstetrics to the use 
of pitressin, or to pituitary extract containing approximately 
equal amounts of both the pressor and oxytocicfractions. 
Posterior-pituitary preparations are usually given intramus- 
cularly. In emergencies when a prompt effect is desired 
"they can be given intravenously, but a single dose should 
not exceed 0.2 units. 

A clinical disadvantage of posterior pituitary is the 
evanescence of its oxytocic action, which usually does not . 
last for more than 10 minutes. Various attempts have been 
made to delay the absorption of posterior pituitary and thus 
prolong its effect. Hofbauer introduced the application of 
the drug to the nasal mucosa but the absorption is difficult 
to control and overdoses may. ensue. Pitocin tannate in oil, 
pituitary and thymus-gland combinations (thymophysin and 
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successful in the stimulation of' the uterus in primary in- 
ertia. ' . ' 

There has been considerable difference of opinion with 
regard to the action of epinephrine on the uterus. Certainly 
variations in response occur, depending on the species of 
the animal studied, the presence or absence of pregnancy 
and the experimental technics employed. Because the 
earlier work suggested that epinephrine abolished the spon- 
taneous contractions of the uterus, the drug has been used 
clinically for the treatment of contraction rings during 
pregnancy. More recent work, however, indicates that epi- 
nephrine is probably of little or no value in such condi- 
tions^ any apparent muscular relaxation being followed by 
increased motor activity. Furthermore, undesirable side 
effects from epinephrine may contribute to the patient’s 
already weakened condition. Recently, there have been re- 
ports in the German literature of a new oxytocic “varon,” 
obtained by methylating the two phenolic-OH groups of 
epinephrine. This drug is claimed to have an oxytocic effect 
but little or no pressor action. 

ABORTIFACIENTS 

A wide variety of drugs have been used to bring on 
abortions. Usually employed by the laity, these drugs are, 
generally speaking, neither safe nor efficacious. The sim- 
plest of such drugs allegedly act by pelvic congestion and 
include the drastic purgatives and uterine stimulants. Par- 
ticularly dangerous are the proprietary abortifacient pastes 
such as ‘^utra-jel,” “infemiptin,” “provocol” and “anti- 
gravid,” which act by killing the fetus. They consist prin- 
cipally of soft soap and are deposited in the uterus by 
means of a special applicator. They may produce local 
effects such as inflammation, necrosis or prolonged bleed- 
ing as well as systemic effects including embolism, hemoly- 
sis or generalised septicemia. 



;S21 •V'WV'f ‘sdjsBd 9uu3;nw;ui ‘ui35sj3]i3jVV 

. 'Sl^l ‘16 • 6t -rpjy ‘s;w 

pue S}iqq?i uo s)33j^3 s)i }o Xpnis {C)u9tuu3dx3 uc p 
puB asn S}i uioij qiBsp « jo ^jodw („iaf-BJjn„) 3;sBd 
juapBjiiJoqB utj |0 sjd9j^t[ tonbBSOf^ sp puB 'snBJig 
'^Z6\ ‘ ‘ (usuiouojtopuopBi^j 

‘ugjspnf ‘9j'zJV •*?! qanqpuBH up) pwi]i\[ 
‘ajspuB pun 3JJi£) qoinp SunqpjjqBjqonj^ aiQ I’-i ‘uiMa^ 
siKaiavdiiHosy 

■H6T '90^:8fr 

2? ’i®qO ‘f ‘™V ‘suj9jn piABjS UBuinq aq; uodn auia 
-qdauida }o aauanguj rnajqv ’a 'g puB ‘-y ’a ‘X^nqpooj^V 

'mi ‘t£f 

: 44 'isqo 25 ? 'oau^rj ‘'Sjug *qdBj3o3oj, puBjoa aq; qjiA\ 
sjuapBd P Xpnjs b — ^ ioqBj Suunp X^ipjoui auua’in 
uodn aouBjsqns oxuaSoj^sa }o aqx • ‘<J ‘Q ‘^qdjnj^ 

'mi ‘Z69 - St- 

•aauXQ ^9 '?sqo 'f *uiv ‘aSaqaiouiaq uinwBd isod puB 
joqB| ui auramb puB uinpiB^ :aiqo^ 'A ‘‘d! ‘9 


m ' ^qdBjSojiqtg 

/ 



242 


O^todcs 


Moir, C.: Oxytodc drugs and their use, J. Obst. & 
Gynaec. 51:247, 1944. 

Reynolds, S. R. M . : Physiology of the Uterus, New York, 
Hoeber, 1939. 


Ergot 

Barger, G. : Ergot and Ergotism, London, Gurney and 
Jackson, 1931. 

Hartman, M. M.: Parenteral use of dihydroergotamine in 
migraine, Ann. Allergy 3:4^, 1945. 

Lennox, W. G. : The use of ergotamine tartrate in mi- 
graine, New England J. Med. 210: 1061, 1934. 

Moir, C.; The action of ergot preparations on the puer- 
peral uterus — a clinical investigation with special ref- 
erence to an active constituent of ergot as yet unidenti- 
fied, Brit M, J. 1 : 1119, 1932. 

Moir, C., and C. S. Russell: An investigation of the 
effect of ergot alkaloids in promoting involution of the 
postpartum uterus, j. Obst & Gynaec. 50:94, 1943. 
Nelson, E. E., and H. O. Calvery; Present status of the 
ergot question, Physiol. Rev. 18:297, 1939. 

Velkoff, A. S., and A. D. Ferguson : Bilateral dry gan- 
grene of both lower extremities due to ergot, Am. J. 
Obst & Gynec. 44:331, 1942. 

White, A. C. ; A comparison of some of the ergot alka- 
loids; III. General pharmacology. Quart J. Pharm. & 
Pharmacol. 17:95, 1944. 

Posterior Pituitary 

De Lee, J. B.: The use of solution of posterior pituitary 
in modern obstetrics, JJ\.MA. 115:1320, 1940. 

Moir C. ; The effect of posterior lobe pituitary gland frac- 
tions on the intact human uterus. J. Obst & Gynaec. 
51:181, 1944. 

Sullivan, C. L., and R. J. Heffernan: Convulsions fol- 
lowing the intravenous administration of pituitary ex- 
tract, Am, J. Obst. & Gynec. 4^:675, 1942. 

Miscellaneous 

BroiviJ, W. E., and V. M. Wilder: The response of the 
hfi/nan uterus to epinephrine. Am. J. Obst & Gynec. 
45:659, ‘1943. 



lirejjoduii 9q^ aiidsap snip inasojd sasn jo suop 

-BOjiddB opnadBiaqi av9j aAuq suopcjcdajd oqoj-jouaiuv * 

S3N0IMH0H AHVXinXId’HOmaXNV 

■aqoi 

jBJnau 9qi jo guoiujoq 9t)9inq)i)uc gq^ jo indino p9SB9J0 
-m nc qSnojqj X|P9iiput paiEipgui gq o; iqSnoqi'uggq SEq 
sSnjp JO jgquinu b jo jggjjg opgjmpjjuE gqj 9nq4^ ‘purjS 
XiEjinjid gqj jo gqoj jopgjuc gqj S9iE[nuips ouiquiiqoX jBqj 
sjsgSSns ggugptAg jugog^ *sutioopug jo gsEgioi jo ootjeiu 
- joj gqj gjEinmps Xbui s3njp uiEjjgo ‘uopippc aj '(pgjjg 
gjaaSojgqBip) sajgqBjp oj Suipraj Sfpo japr aqj ut saSaeqa 
aATjBjauaSap a^EO sasop aSjei anqM^ oidojjEajguEd) 

uqnsuT JO uoipnpojd aqj gjEinuips spEJjxg gqoj jojjgjuE 
gpnjg jo sasop pButs ‘snqx ‘aguEjjoduit '[Bopgjoaqj puE [Egp 
-OEjd ajqEjgpjsuoo jo jgpEui e si saApsuiaq) sauouijoq gq) 
ugaMiaq diqsuojjEjaj aqx ’Sioafqns piojXqjjadXq jo jeuijou 
ui uisqoqBjaui |BSEq jo uotssgjdap e o) pEai puB auouijoq 
ppjXqi gq) jo uopEuiJOj aq) q)!M gjgjjajui sSnjp pgjEpj 
puE Eajnojqx *511)111901 S9)aqEip )uauEuijgd e O) SuipEai 
SBajouEd 9q) jo anssp )aisi aq) jo sipo B)aq aq) uo uopoE 
01X0) aApoaps e SEq oExopy ‘oopuajjE iBDmjp puE jEjuaui 
ojjadxa aiqEjgpisuoo pa)OEj))E aAEq spuE[3 auuoopua spjEAi 
-0) uopoE opsiuoSEjuE UE SuiAEq sSojp ‘sjEaX )ugogj uj 
, *5)03^9 SupoE-)Joqs ‘)duiojd jpqa qoiqAi 
‘s)OBj)xa XjE)m)id-JOTJa)Sod puE aauqdauidg oje suopdaoxg 
aiqE)0]q *0101) jo pouad axnos J9A0 pauiEjsns si poE jasuo 
UI Mojs SI sauouiioq )Soui jo uopOE gqx aq) Xq jo 
saoinf aApsgSip aq) Xq ooponj)sgp pidEj Jigq) jo gsnEoaq 
ipnoui Xq aAiiog^auT aao ‘sauouiJoq piojajs gq) jo auios pire 
pjoiXq) aq) jo aojjdgoxa aq) qjiM ‘suopEJEdajd auijoopua 
•X)iApOE JO s)ran jo suija) ui passajdxa X[iEnsn 
guiaq suopEJEdajd auiJOopua aq) jo q)2uaj)s aq) ‘sauoui 
-joq aq) jo )SOui joj aiqEiiEAE aiE suopEJEdajd pjEpuEjs 
IBjaodoOEUiJEqd sajEjg p3)iuxi JO lEuopEUjajuj -XjESsa 
-oau SI Xesse oiSojoiq *sasED qons uj -aiqissod )ou si uop 


saijoopu^ 




20 

Endocrins 

ANTEBIOR-PITUITARV HORafONES ESTROGENS 

GONADOTROPINS PROGESTINS ' 

SEX HORMONES ADRENAL CORTEX 

ANDROGENS PREPASUTIONS 

Endocrins (hormones) are autopbarmacologic substances 
normally eiaborated by the endocrine or ductless glands. 
Use of glandular preparations is largely restricted to sub- 
stitution or replacement therapy occasioned by surgical 
interference, congenital deficiency or disease. In some cases, 
only crude extracts are available. In others, the active 
principles have been isolated as chemical entities, while 
epinephrine, thyroxin, the sex hormones and a number 
of the adrenal-cortical steroids can be prepared synthet- 
ically. In addition, a number of synthetic preparations are 
available which are not identical with the natural hormones 
but which resemble them in some or all of their pharma- 
cologic activities. Such compounds include the sympa- 
thomimetic amines (chap. 11); a variety of compounds 
having an activity simulating that of the sex hormones ; and 
probably also desoxycorticosterone, which produces several 
of the physiologic effects of adrenal-cortex extracts. 

Endocrins of known chemical institution, such as thy- 
roxin, epinephrine and the sex hormones, can be assayed 
by chemical methods. In general, however, hormones are 
not assayed by such proidiires either because their com- 
position is not established or because they are present in 
such minute quantities that physical or chemical identifica- 
244 
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physiologic role of this gland. Clinical use is limited by 
the lack of suitably potent preparations and by the hazards 
of undesirable side effects. These undesirable effects may 
result not only through the action of contaminating prin- 
ciples in impure preparations, but also from the peculiar 
reciprocal relationships between the pituitary and the other 
glands, and by the development of allergic phenomena and 
antibody formation due to the protein nature of the 
anterior-pituitary principles. 

A number of active principles have been isolated in a 
high degree of purity from the anterior pituitary. These 
include the growth, thyrotropic, adrenocorticotropic and 
gonadotropic substances. Growth hormone preparations 
have had some use in the treatment of dwarfism, but since 
they have usually been used in conjunction with other drugs, 
such as thyroid extract, it is difficult to assess their real 
value. The thyrotropic principle will relieve the symptoms 
of hypothyroidism of pituitary origin; however, it is of 
diagnostic interest only since such conditions respond read- 
ily to thyroid medication. The lactogenic hormone, prolaC' 
tin, has been isolated in crystalline form. It stimulate the 
secretion of milk after the mammary glands have been suit- 
ably prepared by the sex hormones and has been used clin- 
ically for this purpose. Though its efficacy is questionable, 
its use has been reportedly attended with little or no unde- 
sirable effects. No anterior-lobe preparations have been 
accepted for inclusion in the 11.$.?. or N.N.R. The N.F. 
contains whole pituitary, which must be given by mouth 
and is therefore almost certainly without effect. 

Standardization of Anterior-Pituitary Preparations: 
International Standard preparations have been established ■ 
for the thyrotropic and lactogenic hormones. One unit of 
thyrotropic activity is present in 0.2S mg. of the standard. 
Several assay methods are used which are based on the 
stimulation of the thyroid of the immature or hypophysec- 
tomized animal. One unit of lactogenic activity is present 
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use of chorionic gonadotropin in ovarian hypofunction and 
menstrual disorders, there is little evidence to support the 
use of the preparation in gynecologic practice. The com- 
bined use of pituitary and chorionic gonadotropins is said 
to induce a synergistic stimulatory action on the ovaries 
but reports on the clinical efficacy of such a combination 
are conflicting. ' 

In species below primates, chorionic gonadotropin has 
a stimulatory action on the ovaries. This action forms the 
basis of the Aschheim-Zondek and the Friedman tests for 
pregnancy. In the Aschheim-Zondek test, urine is injected 
into mice on three successive days. The animals are then 
killed and the ovaries examined. The presence of blood- 
filled follicles or corpora lutea indicates that the subject 
from whom the urine was obtained is pregnant. The Fried- 
man test uses rabbits. The urine extract is injected into the 
ear vein and 24 hours later the ovaries are examined by* 
laparotomy. The presence of ovulated or hemorrhagic foIH' 
cles is indicative of pregnancy. Positive responses will be 
given in these tests in other conditions in which chorionic 
gonadotropin is excreted, such as chorionepithelioma. 

Equine gonadotropin obtained from the serum of preg- 
nant mares has both follicle-stimulating and luteinizing ac- 
tivity, though whether these two effects are vested in the 
same or in separate principles is still undedded. Equine 
gonadotropin has been prepared in a high degree of purity- 
It has a prolonged action since U is metabolized very slowly 
in the human body and is not excreted by the kidney. While 
experimental findings would indicate its usefulness as a 
therapeutic agent in hypo-ovarianism, clinical trials have, 
for the most part, been disappointing. Hamblen and hU 
co-workers believe that more promising results are obtained 
with a cyclic form of treatment in which equine gonado- 
tropin is given during the first half of the menstrual cycle 
to cause follicle growth and ovulation and chorionic gonado- 
tropin i? given during the secondhalf to promote lufeinization. 
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distributed in nature and have been obtained from both 
plant and animal sources/ The most important of the nat- 
urally occurring estrogens are the follicular hormones which 
develop and maintain the secondary sex characteristics in 
the female. The main physiologic source of these hormones 
is the ovary ; during pregnancy, however, the placenta prob- 
ably assumes the chief burden of secretion. Commercially, 
the main source of natural estrogens is the urine of preg- 
nant mares. 

Estrogens are normally inactivated by the liver, probably 
by conjugation. Liver damage or inanition retards this 
inactivation, and may lead to manifestations of excessive 
estrogen activity. The tolerance for estrogens is greatly 
increased during pregnancy, at which lime as much as 1,000 
times the ordinary dose has been given without untoward 
effects. 

Natural Estrogens. Three natural estrogens are avail- 
able in crystalline form for therapeutic use; estradiol, ob- 
tained from ovaries and pregnancy urine; estriol, obtained 
from placental tissue and pregnancy urine; and estrone, 
obtained from the urine of pregnant mares. Preparations 
of highly purified noncryslalline estrogens from pregnant 
human or pregnant mare urine are also available. The 
activity of these preparations, known as solutions of estro - , 
gens, is almost entirely due to estrone. 

Synthetic Estrogens. In addition to the natural estro- 
gens, a number of synthetic products with qualitatively 
similar biologic effects have been introduced for clinical 
use. These preparations have the advantages of cheapness 
and of being active by mouth, probably because they are 
less rapidly metabolized by the liver than the natural estro- 
gens. For the same reason, they are more toxic than the 
natural estrogens. Their toxicity is not of great clinical 
importance since untoward reactions, chiefly gastro-intes- 
tinal upsets, are minimal in therapeutic doses. 
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cases in which surgical castration is impractical, physio- 
logic castration with estrogens by virtue of an inhibitory 
effect on the pituitary gonadotropins has been reported to 
give promising results. Estrogen therapy also relieves post- 
castration symptoms in the male, which frequently resemble 
those of the menopause. 

Estrogens as Carcinogenic Substances. Large doses of 
estrogens have been shown to increase the incidence of can- 
cer in susceptible strains of animals, while cancer of the 
prostate is apparently greatly stimulated by the male sex 
hormone. While the causal relationship between cancer and 
the sex hormones in humans has not been established, many 
investigators feel that prolonged use of these substances 
is contraindicated in persons suffering from cancer or who 
have a familial history of cancer. For this reason alonCi 
the indiscriminate use of proprietary cosmetics containing 
estrogens may lead to serious consequences and is certainly 
unwarranted. 

Standardization of Estrogens. International Standard 
preparations of estrone and estradiol monobenzoate are 
available, each containing one unit of activity in 0.1 micro- 
grams. It is not feasible to assay against a standard any 
estrogen other than that of which the standard is composed 
because of differences in rales of penetration and of metab- 
olism of the various estrogens. The chief assay methods are 
the examination of vaginal smears in rats and mice and the 
weight increase of the uterus of castrated rats. 

Procestins 

Progestins are substances producing progestational 
Changes in the uterus which are suitable for implantation 
of the ovum and for maintenance and development of the 
embryo. Progesterone is a naturally occurring progestin. 
It is elaborated by the corpus luteum during the second 
half of the menstrual cycle and also, during gestation, 
by the placenta. The adrenals and probably also the testis 
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Among the physiologically active compounds are the corti- 
costerone and the desoxycorticosterone groups of com- 
pounds and the sex hormones. In addition, the amorphous 
fraction remaining after the known steroid hormones have 
been extracted will prolong the life of adrenalectomized 
animals, indicating the presence of further unidentified 
principles. 

The main use of adrenal-cortical extracts is in the treat- 
ment of Addison’s disease and other adrenal insuffidendes. 
In such conditions, sodium chloride and water are rapidly 
lost by the body, while potassium is retained. These changes 
in electrolyte balance lead to dehydration, reduction of 
blood-plasma volume and bemoconcentration. In addition, 
there are serious disturbances in carbohydrate metabolism. 
Absorption of glucose from the gastro-intestinal ti;act is 
impaired, glucose metsbolism is increased and glycogen 
stores become depleted. Symptoms include weakness and 
fatigability, loss of weight and increased pigmentation of 
the skin. 

Mild cases of adrenal insufficiency can be controlled by 
the administration of sodium chloride. More severe cases 
require supplemental treatment with adrenal-cortical ex- 
tracts or with the synthetic preparation, desoxycorticoste- 
rone, which is available as the acetate. Adrenal-cortical 
extracts are usually prepared from fresh beef adrenals and 
vary greatly in their activity. Desoxycorticosterone has tie 
advantage of being less expensive and more easily standard- 
ized. It has, however, little or no effect on the carbohydrate 
metabolism, which is apparently controlled by the corticos- 
terone group of hormones. Furthermore, it may lead to a 
dangerous retention of water, which may result in hyperten- 
sion cardiac damage or edema of the lungs and other tissues. 

Adrenal-cortical extracts are active by mouth, but their 
effects by this route are unpredictable and large amounts 
are required so that they are usually administered by intra- 
muscular, subcutaneous or occasionally by intravenous in- 
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Diethylstilbestrol tablets U.S.P.; B.P. Usually O.I, 0.5 and 
1.0 mg. tablets. 

Diethylstilbestrol capsules U.S.P. Usually available con- 
taining following amounts of diethylstilbestrol, 0.1, 0.5 
and 1.0 rag. 

Benzestrol N.N.R. 2-5 mg. 

Hexestrol N.N.R, 2-3 mg. 

Ethinyl Estradiol NJ^.R. 0.5 mg. 

Mestilbol N'.N.R. O.S-1.0 mg. 

Progesterone U.S.P, 5 mg. intramuscular. 

Desoxycorticosterone acetate U.S.P. Dose determined by 
needs of patient. 

Adrenal cortex extract N.N.R. 


BIBLIOGRAPHY 


General 

Glandular Physiology and Therapy, A, M. A., Chicago, 
1942. 

Greene, R. ; The materia medica of endocrinology. Prac- 
titioner 154: 157, 1944. 

Sevringhaus, E. L. : Endocrine Therapy in General Prac- 
tice, Chicago, Yr. Bk., Pub. 1945. 


Anterior-Pitoitary Hormones 

Evans, H. M. : The hypophyseal growth hormont — ^its 
separation from the hormones stimulating the thyroid, 
gonads, adrenal cortex and mammary glands, A. Res. 
Nerv. & Ment. Dis. 17 : 175, 1938. 

Friedgood, H. B. : Endocrine function of the hypophysis, 
New York, Oxford, 1946. 

Rynearson, E. H. : Hormones of the anterior lobe of the 
pituitary'- body — a clinical review, J.A.M.A. 12S: 5, 1944. 

Smith P. E. : -Relations of the activity of the pituitary 
and the thyroid glands, Harvey Lect. 25 ; 129, 1929-1930. 

Van Dyke, H. B. : The Physiology and Pharmacology of 
the Pituitary Body, Chicago, Univ. Chicago Press, 1936. 

v^rJncnn S. G.: The lactogenic effect of prolactin in the 
human being, Am. J. Obst. & Gynec. 46; 545, 1943. 



193 




SiJiJ II 'SSjuiqajjaA jsqSiq ui ssSutqa XjtrjuauiSid ut ojoj 
c Si{qd It iBqi ‘j3A3.\ioq *airaipui oj aouapiAO apiq st ajaqj^ 
•saioqdoiEiaojqa niqs aqj ra sajnatJjS luouiSid jo coisjad 
♦sip V sasiiCT q .‘(saipdaa puc saciqtqduji! ‘qsq) saicjqajjoA 
49.ttO[ nj -oBui m XitApDB 3iSoio3EmjBqd jo o 52 o[oisXqd 
UAiouq on sBq auouijoq aqoi‘a]BipauM3iui aqx ‘uipauusiui 
•ainaapxu a^3nis ^ tn paisaA sauouuoq pag 

'und OM^ aqj qijAi pa)B|aoss!J saiiiAtps shotjca aqi Xpoq aqi 
ut iBqi ajtajpm o% aauaptAa aiqBJapisuoD si aiaqj ‘suopuju 
'daid ajnd X[q3iq sc pauiciqo uaaq aAuq sauouijoq 3po)Xxo 
aqi put; jossaad aip qSnoqqv l^-inaa aqi ut inasaid ajtj 
S9uouiJOq opoiXxo pae jossaid aip snqM ‘aqo| JouaiUB aqi 
UI luasajd si utpauuaiui (optpcuiJB aq; puu suBaauiaa ‘spjiq) 
aqo[ ajBipauiJaiui ub qasj ipiqM sibujiub uj 'utpauwaiui sb 
UA touq St anotujo'q aqoi-9}Bipauijajui aqx ’3uotujoi{ otpunip 
-ijuD aqi qji^ IBOpuapi aq o? ;q9noqi XpBjauaS sj tpiqM 
‘(uissaiiid) suoiiuoti dossdii aq? puB (upo?Td) duouuoii 
opOfKxo aq? jo ?si^od sauouuoq aqopjBJnau aqx 'sapjadoid 
IBOtuiaqo Jt2[iuiis a?tnb OAuq saidputad aAi?DB Jtaq? aauis puB 
sapads ?soui ut pa?BJBda^ aq Xpsaa iouubo saqo] oa\? aq? 
aa'uis sauouijoq aqoi-a?BipauiJa?ui aq? pus qBjnau aq? q?oq 
JO ?sisuo3 suopBJBdajd XjB?in?!d-Joija?sod |Bpjauiui 03 

A^vxiniw ^oi^axsoa 

SNOIiVHViI3Bd 

snrtAKi 

orvoodii (noBAHi 

soioHAHivavd NnnsNi 


(panupuoQ) 

suuDopug 


IS 


260 


Endocrins 


Heckel, N. J.: Evaluation of sex hormones in the treat- 
ment of benign prostatic hypertrophy, carcinoma of tfie 
prostate and other diseases of the genito-urinary sys- 
tem, J. Clin. Endocrinol. 41 : 166, 1944. 

Huggins, C. : Endocrine control of prostatic cancer, Sci- 
ence 97:541, 1943. 

Morgan, T. N. : The male sex hormones,^Practitioner 1S4; 
349^ 3944, 

Solmssen, U. V. : Synthetic estrogens and the relation be- 
tween their structure and their activity, Chem. Rev. 
37:481, 1945. 

Stoddard, F. J. : The abuse of endocrine therapy in gyne- 
cology, J.A.M.A. 129:5CS, 1945, 

Thompson, W. O. : Uses and abuses of the male sex hor- 
mone, J.A,M.A. 132: 185, 1946, 

Adrenal Cortex 

Goldzieher, M. A. : The Adrenal Glands in Health aad 
Disease, Philadelphia, Davis, 1945. _ j 

Grollman, A.: The Adrenals, Baltimore, Williams & 
Wilkins, 1936. , . 

Reichstein, T., and C. W, Shoppee: The hormones of the 
adrenal cortex. Vitamins & Hormones 1:345, 1945. 

Swingle, W. W., and }. W. Remington : The role of the 
adrenal cortex in physiological processes, Physiol. Rev. 

‘■24:89, 1944. 

Thorn, G. W. : Clinical use of extracts from adrenal cor- 
tex and of synthetic products having similar actions, 
J.A.M.A. 125 : 10, 1944. ^ 

Williams, R. H., J. L. Whittenberger, G. W. Bissell and 
A. R. Weinglass: Treatment of adrenal insufficiency, 
j. Clin. Endocrinol. 5: 163, 1945. 




-unoBAS puB sdanjJD icutisajni-onsrS aq Xctu ojoqi paqjosqu 
Xlpjdtjj 00? ST Srup atp u *:poqs iraiSjns oj 3unTTqij)uoo puc 
piag aAjiTjaado aqj SauTosqo ‘jnDOO Xcra Saipaaiq OAjssaaxa 
qDiqa ui ‘satujopaqisuoi puc suoipasoj ojiTrjsojd su qans 
snopwado ni anicA Jo si ‘DpdXp v sb asn sit oi 

pa| SBq XjTTjmjid jouapod jO tjojiau jopu^suodosta aqx 
•japM p uopuapa snojaSucp v oj pcaj Xcui iCnqiniid 
jotja)sod JO aS^sopiaAQ ’sjujsou aqj at papasui aq Xcui xiop 
-nps iOirimjid-jouaisod m paqcos uojjod jo s;a3paid jo jjnus 
V SB pajiddB aq Xeui iapuod Xicjinjid iXJopBjspBS a^inb 
osjB St XjBijniid jouajsod jo uojjdjosqB icsbubjjui 'sjnoq 
9 OJ amos X[ao joj dAijoa^a si jocjjira XjBjmjid^joijaj 
-sod XjBUtpjo JO asop jb^iuis b djiqM ‘sjiun 5 jo uopoafui 
ajSuis B SuTMO[joj sjnoq 09 oj 9^^ uiojj sjsbj jio ui ajouuB) 
utssajjid JO joa^a aqx ‘J^JBjinjid joijajsod jo suoptqos’sno 
•anba Xq papiojjB jBqj acqj paga paSuopjd ojoui z uiipqo 
oj jduiajjB ue ui jt»6i ui XisnuBf puB auaajQ Xq paanp 
-ojjuT SBAi Ji qio m ajBuuBj uissaajid si snpidisui sajaqcjp 
JO jaauijraj) aqj joj uoprjcdajd XjojoBjspBS jsoui aqx 
'snpidisui sajaqoip sajBiAaqc 
aqo{ JouajUB aqj jo uopanjjsap jo pAOUiaJ apijM 'snpidjsut 
sajaqBtp jo juauidopAap aqi oj pcaj jou saop XjBjinjid ajpua 
aqj JO assasip Xq uoponijsap jo pAowa^ 'aqoj JopajuB aqi 
m aouBjsqns apajnip b 01 puB xapoo jBuajpB aqi oj uoiqsBj 
diISiuoSbiub ub ui SupDB ‘aauBjBq jaiBM a^qBnba ub uibiuibxu 
01 st Xpoq aqi ui auouijoq aqi jo ajoj aqj iBqi pajsaSSns 
uaaq SBq ij ‘UBS jo uop^osqu pasBOjaap b puB sajiiqui 
Xaupiq aqi Xq jbibm jo uoiidjosqu pasBajoui ub 01 anp 
aq 01 paAaqaq sr laaga oipjnippoB aqx 'aqBjui jajBM aqi 
JO puB uopajoas auun aqi jo ibuijou 01 umiaj b sasnBo Xjbj 
- mijd jouapod jo uopBJisiuiuipv ‘XBp jad auun jo SJaip oz 
01 01 8pJ3xa Xbui sjuapBd qons •BTjnX]od aqi oj XjBpuoaas 
XjqBqojd si qoiqAi'’‘isJiqi iBajS XpBuiJOuqB ub Xq paiued 
-UI033 B XiiabjS ogpads moj jo auun jo sauiiqoA aSjBj jo uoji 
•aj3xa aqi Xq pazijapBJBqo si 11 ‘siobji jBasXqdodXq-oopdo 
-Bjdns aqi ui jo puBi? XaBjiniid aqi jo aqoj jBjnau aqi ui 


i9Z 


XiBiiniix Joijajsox 



262' 


Endocrins 


been suggested that pigmentary degeneration of the retina 
may involve the intermediate-lobe hormones, but McDonald 
and Adler in a series of well-controlled experiments 
unable to find any support for this theory. It has 
advocated in the treatment of vitiligo, but it is probable that 
any apparent improvement is due to a nonspecific irritant 
effect. An increased- excretion of intermedin has been 
ported in pregnancy and various pathologic conditions, but 
these results are undoubtedly due to the nonspedfic nature 
of the assay procedure used, since they cannot be confirmed 
when a hypophysectomiaed animal is used as the test object. 

Neural-Lobe Hormones. Pharmacologic effects evoked 
by injection of posterior-lobe extracts include an increase 
in blood pressure in the anesthetized mammal; suppression 
of urine secretion; stimulation of the gut musculature; 
constriction of blood vessels; increase in blood sugar; stim- 
ulation of the uterine musculature; and a fall in blood pres- 
sure in the fowl. In 1928, Kamm succeeded in separating 
the posterior lobe into two extracts with different effects. 
One fraction, the oxytocic, causes uterine stimulation and a 
fall in blood pressure in the bird, while the other, the pres- 
sor, causes antidiuretic and pressor effects, diminished car- 
diac output, probably due to coronary constriction, and stim- 
ulation of the gut. Both fractions have been shown to raise 
the blood sugar and to antagonize the effect of insulin. As 
yet the fractions have not been prepared completely free 
from each other; commercial preparations of the separate 
fractions contain about PO.per cent of one and 10 per cent 
of the other. Both fractions contain appreciable amounts 
of the intermediate-lobe hormone. 

Clinical Use of Posterior-Lobe Extracts. The use of 
posterior pituitary as an oxytocic drug is discussed in Chap- 
ter 19- Preparations of posterior pituitary or of the pressor 
fraction are used in the treatment of diabetes insipidus. 
This condition is believed to be caused by a decreased secre- 
tion of the antidiuretic (pressor) hormone due to lesions 
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tion of the bowels. The use of posterior^ pituitary is contra- 
indicated in heart disease because of its coronary-constrict- 
ing^action and in pregnancy because of its oxytocic eSecL 
The addition of epinephrine or ephedrine may antagonize 
the effect of pituitary on the coronary vessels and has a 
further advantage of prolonging the pressor effect of pos- 
terior pituitary. i • 

Posterior pituitary, because of its stimulating action on 
the bowel musculature, has been used for the treatment of 
postoperative paralytic ileus and to allay distention. Fairly 
large doses are required to produce this effect. It. has been 
demonstrated experimentally that large doses of posterior 
pituitary may give rise to gastric ulcers because of local 
ischemia caused by vasoconstriction. There js some clinical 
evidence to indicate that gastric ulcers have followed the 
use of posterior pituitary. < . 

Hypersensitivity to Posterior-Pituitary Extracts. Occa- 
sional cases of hypersensitivity to posterior-pituitary prep- 
arations have been reported. Symptoms include pallor, rapid 
pulse, fall in blood pressure, air hunger, sense of impending 
death and, in some cases, edema and unconsciousness. Rapid 
relief’ may be obtained with epinephrine injections. 

Standardization of Posterior Pituitary, An International 
Standard preparation of posterior pituitary is available for 
assay purposes. It contains 1 unit of activity (pressor, 
antidiuretic, oxytocic and intermedin) in 0.5 rag. The official 
United States and British methods of assay cover only oxy- 
tocic activity and are based on the production of contras 
tions in the excised uterus of the virgin guinea pig. Oxytocic 
activity can also be assayed by the fall of blood pressure in 
the fowl. The pressor (antidiuretic) hormone can be assayed 
by the rise of blood pressure in the anesthetized cat or dog 
or by the production of antidiuresis in the rat, mouse or dog. 
Assays for the intermediate-lobe hormones should be based 
on melanophore-dispersing activity in the hypophysecto- 
mized animal, since a number of substances will cause a 
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tion of the bowels. The use of posterior^ pituitary is contra- 
indicated in heart disease because of its coronary-constrict- 
ing/action and in pregnancy because of its oxytodc eSecL 
The addition of epinephrine or ephedrine may ant^omze 
the effect of pituitary on the coronary vessels and has a 
further advantage of prolonging the pressor effect of pos- 
terior pituitary. / 

Posterior pituitary, because of its stimulating action on 
the bowel musculature, has been used for the treatment of 
postoperative paralytic ileus and to allay distention. Fdrly 
large doses are required to produce this effect. It. has been 
demonstrated experimentally that large doses of posterior 
pituitary may give rise to gastric ulcers because of local 
ischemia caused by vasoconstriction. There is some clinical 
evidence to indicate that gastric ulcers have followed the 
use of posterior pituitary. - . 

Hypersensitivity to Posterior-Pituitary Extracts. Occa- 
sional cases of hypersensitivity to posterior-pituitary prep- 
arations have been reported. Symptoms include pallor, rapid 
pulse, fall in blood pressure, air hunger, sense of impending 
death and, in some cases, edema and unconsciousness. Rapid 
relief may be obtained with epinephrine injections. 

Standardization of Posterior Pituitary. An International 
Standard preparation of posterior pituitary is available for 
assay purposes. It contains I unit of activity (pressor, 
antidiuretic, oxytocic and intermedin) in 0.5 mg. The official 
United States and British methods of assay cover only oxy- 
tocic activity and are based on the production of contrac- 
tions in the excised uterus of the virgin guinea pig. Oxyiocic 
activity can also be assayed by the fall of blood pressure m 
the fowl. The pressor (antidiuretic) hormone can be assayed 
by the rise of blood pressure in the anesthetized cat or dog 
or by the production of antidiuresis in the rat, mouse or dog- 
Assays for the intermediate-lobe hormones should be based 
on melanophore-dispersing activity in the hypophysecto- 
’ animal, since a number of substances will cause a 
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Clinical Uses of Insulin. Diabetes Melutus. The chief 
use of insulin is in the treatment of diabetes mellitus, a 
disorder caused fay inadequate endogenous insulin produc- 
tion. The major problem in the treatment lies in trying 
to duplicate by injection the function of the normal pancreas 
in supplying insulin according to the varying demands of 
the body. Amorphous or (uystalline insulins are rapidly 
absorbed into the blood stream on subcutaneous injection, 
causing marked fluctuations in blood sugar and necessitating 
frequent dosage. Early efforts to delay absorption by the 
use of oily suspensions or by the concomitant injection of 
local vasoconstrictors were not very successful. In 1935, 
however, Hagedom and his associates prepared a slowly 
absorbed preparation, prolamine insuUnale, by cozabizung 
Insulin with a protamine obtained from hsh ^pem. This 
was soon replaced by the even more efieclivt protamine zinc 
insulin made by Scott and Fisher by adding zinc to insulio 
before the addition of protamine. This compound or complex 
is very satisfactory in cases of mild diabetes in which a 
single daily injection sufSces to control the disease by a 
relatively constant action throughout the 24-hour period 
(see page 267). In more severe cases, doses sufficiently 
large to control the daytime blood glucose may lead to a 
hypoglycemia at night when the carbohydrate intake is 
reduced. In some cases, a satisfactory compromise can be 
.reached by two morning injections, one of regular insulin 
and one of protamine zinc insulin. Since the injection of 
two preparations requiring different dosage tends to be 
confusing to the patient, efforts have been made to modify 
the protamine zinc insulin to contain a proportion of the 
insulin in readily absorbable form. Such preparations can 
be prepared by adding equal or greater amounts of regular 
insulin to the protamine zinc insulin or by modifying 
ordinary protamine zinc insulin so that its protamine • ’ 
zinc content is lowered. The exact chemical nature of < 
r*^«;iiUine products is not known but the-- <.•’ ... is ' 
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Clinical Uses of Insulin* Diabetes I^Iellitus, The chief 
Use of insulin is in the treatment of diabetes mellitus, a 
disorder caused by inadequate endogenous insulin produc* 
tion. The major problem in the treatment lies in tr 3 dng 
to duplicate by injection the function of the normal pancreas 
in supplying insulin according to the varying demands of 
the body. Amorphous or crystalline insulins are rapidly 
absorbed into the blood stream on subcutaneous injection, 
causing marked fluctuations in blood sugar and necessitating 
frequent dosage. Early efforts to delay absorption by the 
use of oily suspensions or by the concomitant injection of 
local vasoconstrictors were not very successful. In 1935, 
however, Hagedorn and his a^ociates prepared a slowly 
absorbed preparation, protamine insuUnate, by combining 
insulin with a protamine obtained from fish sperm. This 
was soon replaced by the even more effective prolamine zinc 
insulin made by Scott and Fisher by adding zinc to insulin 
before the addition of protamine. This compound or complex 
is very satisfactory in cases of mild diabetes in w^ich a 
single daily injection suffices to control the disease by a 
relatively constant action throughout the 24-hDur period 
(see page 267). In more severe cases, doses sufficiently 
large to control the daytime blood glucose may lead to a 
hypoglycemia at night when the carbohydrate intake is 
reduced. In some cases, a satisfactory compromise can be 
1 reached by two morning injections, one of regular insulin 
and one of protamine zinc insulin. Since the injection of 
two preparations requiring different dosage tends to be 
confusing to the patient, efforts have been made to modify 
the protamine zinc insulin to contain a proportion of the 
insulin in readily absorbable form. Such preparations can 
be prepared by adding equal or greater amounts of regular 
insulin to the protamine zinc insulin or by modifying 
ordinary protamine zinc insulin so that its protamine and 
zinc content is lowered. The exact chemical nature of the 
resulting products is not known but their action is inter- 
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sensation on injection, though local reactions are said to 
be less frequent than with protamine zinc insulin.. 

While insulin alleviates the symptoms of diabetes rather 
than curing the underlying disorder, there is considerable 
evidence to indicate that the islet cells of the pancreas have 
some regenerative powers. Brush has introduced a new 
regimen in the treatment of diabetes of recent onset in chil- 
dren. When treatment is begun, insulin is administered to 
the limit of tolerance. After about 10 days of such dosage 
levels, shock develops, presumably because of the increased 
secretion of endogenous insulin as a result of functional 
recovery of the islet cells. The daily insulin 'requirement 
‘ then progressively decreases until a stable level is reached, 
usually after some 20 or 30 days of treatment. 

Insulin dosage should always be expressed in terms of 
units and should be based on the needs of the patient. Mild ) 
cases can usually be controlled by diet alone. In more 
severe cases, the initial dose should be fairly low (10 to 20 
units, once or twice a day, depending on the preparation 
used) and gradually adjusted so that the patient’s Wood- 
sugar level is kept between' 100 and ISO mg. per cent. 
Extremely severe cases may require 80 or more units. While 
most diabetics can be controlled by one of the modified 
forms of insulin, ordinary insulin should be available for 
emergency intravenous use, for the rapid relief of severe 
hyperglycemia or for the treatment of diabetic coma. 

Shock Treatment of Mental Disorders. Insulin has been 
used for the shock treatment of schizophrenia and certain 
other mental disorders since 1932. Its value was accidentally 
discovered by Sake!, who noted a marked improvement in 
the mental condition of his patients following an attempt to 
treat withdrawal symptoms in morphine addicts with insu- 
lin. Treatment consists of daily injections of insulin, start- ^ 
ing with from 10 to 20 units and gradually increasing the 
dosage until unconsciousness is produced. The treatment^ 
requires careful medical and nursing care and for this reason 
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common but when present may result in poor absorption 
of insulin. 

Standardization of Insulin. The International Standard 
preparation of insulin is a cr 3 ^talline zinc-insulin prepara- 
tion whifch contains 22 units of activity per milligram. The 
U.S.P. method of assay is based on the lowering of the blood 
sugar in rabbits. The official British method is based on the 
production of convulsions in mice. 

Hyperinsulinism. Excessive insulin results in a propor- 
tional decrease in blood glucose, giving rise to a character- 
istic set of symptoms, referred to as hyperinsulinism. This 
condition may arise from an overdose of insulin or from 
hypersecretion from the islet tissue and is characterized by 
weakness, fatigue, disorientation and unconsciousness. 
Treatment consists of the intravenous administradon of 
glucose if the patient is comatose or the administration of 
carbohydrates by mouth if the condition is less severe. 

Recently it has been shown that diabetes can be induced 
experimentally by the Intravenous injection of the drug 
alloxan, which has a selective toxic action on the islet cells 
of the pahcreas. Attempts to treat isJet-celJ tumors with this 
drug have not as yet proved very successful, though some 
amelioration of symptoms has been reported. The effect of 
alloxan on the pancreas is in contrast to that of thiourea on 
the thyroid ; both (hugs suppress the overactivity of an endo- 
crine cygan, but whereas thiourea acts by interfering with the 
manufacture of the thyroid hormone, alloxan has a necrotiz- 
ing effect on the cells which elaborate insulin. Except in 
’small doses, the action of alloxan is therefore irreversible. 

THYROID 

''■'The thyroid gland exercises a general stimulatory effect 
on the oxidative processes of the body. -Its activity is in i 
turn regulated by the thyrotropic hormone of the anterior 
pituitary- Mild hypothyroidfera is characterized by a low- 
ered basal metabolic rate and increased fatigability. More 
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It was early suggested that thyroxin m nature is derived 
from tyrosin and di-iodotryosine. Support for this h 5 TDothe-' 
sis has been given by the studies of Chaikoff and ‘his asso- 
ciates with radioactive iodide. These workers reported that 
when radioactive iodide was introduced into the body, sub- 
sequent analyses of the thyroid showed it to be distributed 
in the inorganic iodide, di*iodotryosine and thyroxin frac- 
tions respectively, the amount present in the thyroxin frac- 
tion becoming progressively greater as the time interval 
increased. 

The formation of thyroxin is probably not confined to 
the thyroid gland since studies with radioactive iodide 
have shown thyroxin may be formed in completely thyroid- 
ectomized animats. Thyroxin has been produced in vitro 
not only by adding iodine to blood proteins, but also to 
other proteins rich in tyrosine, such as casein. Increasing 
the iodination of casein until the iodine content is about 7 
per cent causes an increasing physiologic activity in the 
preparation. However, when the iodine content is further 
increased, the physiologic activity is decreased. 

Therapeutic Use. Thyroid preparations are used almost 
entirely for the treatment of h^'opthyroidism. The usual 
form of medication is by tablets of desiccated glands'admin- 
istered orally. Thyroxin itself has little or no clinical appli- 
cation. It is not used orally because df the unpredictability 
'of its absorption and although, unlike crude thyroid prep- 
arations, it can be given intravenously, this route is rarely 
if ever indicated. Patients under thyroid treatment should 
be observed closely for the development of hyperthyroid 
symptoms, which include nervousness, tachycardia and loss 
of weight. The maximal effects of thyroid therapy are not 
obtained until several weeks after institution of therapy. 

Thyroid extracts have been used in the treatment of 
obesifv and also to produce an increased sense of well-being. 
Because of the dangers of hyperthyroidism, however, their 
use for these purposes is dangerous except under strict 
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Thiouracil has been used in the treatment of hyperthy- 
roidism when operative relief is not feasible or desirable. 
It will not relieve exophthalmic conditions; in fact, since 
such conditions are believed to be caused by the th)TOtropic 
hormone, they may conceivably be aggravated by thiouracil. 
Thiouracil can be used for preoperative treatment in thy- 
roidectomy, especially in patients who do not respond to or 
who do not tolerate iodides. It does not produce such a 
desirable operative field as iodides, however, since it causes 
a h5rperemia and softening of the gland. The full effects of 
thiouracil may require several weeks of treatment as it does 
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not affect the stores of thyroxin in the body but only the 
formation of additional thyroxin. 

Recently, radioactive iodide has been used in the treat- 
ment of hyperthyroidism and adenocarcinoma of the thy- 
roid. Because of the affinity of the thyroid for iodide, the 
radioactive material becomes concentrated in the gland and 
effects an internal radiation. Toxic reactions are similar 
to those of acute roentgen-ray sickness and include nausea, 
vomiting, malaise and fever. 

PARATHYROIDS 

The internal secretion of the parathyroid gland plays an 
important role in the metabolism of calcium and phos- 
phorus. The exact nature of its action is not, however, 
fully understood. Hypoparathyroid/sm may occur idiopath- 
ically or can be ascribed definitely to disease or to acci- 
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of calcium gluconate or chloride. During the treatment of 
parathyroid deficiency, the serum calcium must be followed 
until a stable level is reached in order to detect the develop- 
ment of hypercalcemia, which may cause serious if not 
fatal damage. 

Hyperparathyroidism. This may result either from ade- 
noma or hypertrophy of the parathyroids or from overdoses 
of parathormone. Symptoms include muscular weakness 
and pathologic changes in the bones, due to a withdrawal 
of calcium. The serum-calcium level is very high and the 
serum-phosphorus level low unless kidney damage is pres- 
ent. Increased amounts of calcium and phosphates are ex- 
creted in the urine, which may result in formation of urinary 
calculi or deposition of calcium in the pyramids leading to 
renal insufficiency. 

Standardization of Parathyroid Extracts. The U.S.P< 
unit of parathyroid activity is equivalent to one one-hun- 
dredth of the amount required to raise the calcium content 
of 100 cc. of the blood serum of normal dogs 1 mg. within 
16 to 18 hours after administration. 

LIFOCAIC 

The depancreatized animal undergoes characteristic fatty 
changes in the liver that eventually lead to death despite 
the administration of insulin. These changes can be pre- 
vented by the addition of raw pancreas to the diet. Drag- 
stedt and his associates have prepared a fat-free extract of 
the pancreas, which exerts the same effect as fresh pancreas 
in daily doses of from 60 to 100 mg. These investigators 
believe the effect is of an endocrine nature and have desig- 
nated the active principle lipocaic. Preliminary clinical 
trials indicate this preparation may be of value in disturb- 
ances of fat metabolism in diabetic patients. Clinical ex- 
perience is not sufficient, however, to indicate whether lipo- 
caic has a place in the treatment of human disease. 
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Thyroid B.P. Contains 0.1 per cent iodine in combination 
as thyroxine (limits 0.09-0.11) and not more inorganic 
iodine than 10 per cent of the content of total iodine. 

Thyroxin U.S.P. 0.5 mg. intravenously. 

Thyroxine sodium B.P. 0.1-1 mg. 

Thyroxin fraction N.N.R. Partially purified disodium salt 
of thyroxin. For oral administration only. 

Parathyroid injection U.S.P. Each cc. must contain a 
potency of not less than 100 U.S.P, units. 25 U.SP. units 
intramuscularly. 
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couraged. There is evidence that excess of one vitamin 
may lead to an increased requirement for a second^ although 
the interrelationship between the vitamins is as yet poorly 
understood. Combinations of vitamins or crude preparations 
are often more efficacious than individual vitamins since 
rarely does a deficiency in a single vitamin exist. The use of 
preparations of vitamin B complex in particular is usually 
more desirable than the use of a single crystalline vitamin 
belonging to the complex. Finally, it must be recognized that 
our knowledge of the vitamins is as yet incomplete and that 
unknown factors may be supplied in the relatively crude 
preparations. 

Vitamins are prescribed either at supplementary or at 
therapeutic levels. Supplementary doses should be restricted 
to cases in which the diet is unavoidably inadequate or in 
which the vitamin requirements are increased as in preg* 
nancy, lactation, fever or severe physical exertion. In such 
cases, multiple vitamin preparations such as hexavitamin 
tablets, dried yeast, crude liver preparations or rice polish- 
ings, containing approximately the daily requirement of 
various vitamins are given. Therapeutic doses of single or 
multiple vitamin preparations are usually from three to 
ten times the supplementary dcses and are prescribed in 
cases of proven or suspected vitamin deficiency. The Fed- 
eral Trade Commission has held to be misleading any thera- 
peutic claims for supplementary levels of vitamins. Such 
dosages would be of value only in the very mildest of defi- 
ciency states and furthermore might tend to give the patient 
a false sense of security so that he may neglect a satisfac- 
tory diet. The range of dosage for supplemental and thera- 
peutic levels of vitamins is set forth in Table 4. 

This chapter is restricted, for the most part, to the discus- 
sion of the use of vitamins in well-tecognized deficiency 
states/ Reference is made elsewhere to the use of pteroyl- 
glutaniic acid in macrocytic anemia, para-aminobenzoic acid 
in Rickettsial diseases, vitamin D preparations in hypopara- 
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VITAMIN A 



^-Carotenff VitwoloA 


Vitamin A is a fat-soluble vitamin, obtained commercially 
from fish-liver oil. The dietary sources of vitamin A include 
green, leafy and yellow vegetables, dairy products and liver. 
In plants and dairy products, the vitamin A activity is due 
largely to the presence of provitamins, particularly beta- 
carotene, which can be converted into vitamin A or stored 
in the body if there is no immediate need for additional 
vitamin A. Excessive intake of these substances or a failure 
of the liver to convert them to vitamin A may lead to caro- 
tinemia. While the condition Is apparently harmless, the 
yellow tinting of the blood, skin and conjunctiva which 
accompanies it may be confused with jaundice. Animals 
given massive doses of vitamin A develop characteristic 
symptoms which include loss of weight, internal hemor- 
rhages and fractures of the bonre of the extremities. There 
is some evidence that hypervitaminosis A may occur in 
humans, though potent preparations are not as yet readily 
available. 

At present, there is no evidence that vitamin A prep- 
£U-ations have any therapeutic action other than that of 
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being thermostable and which relieved the symptoms of 
pellagra led to the separation of “water-soluble vitamin B” 
into two fractions, vitamin Bj (thermolabile) and vitamin 
B 2 (thermostable). The subsequent discovery that vitamin 
Bo consisted of not one but several substances led to the 
continued acceptance of vitamin Bj for the antineuritic 
vitamin (later identified as thiamine) and the use of Bj, 
B 3 , B 4 , etc., for additional activities as they were discov- 
ered. As the chemical structure of these compounds becomes 
established, and as synthetic preparations become available, 
they are generally referred to by their chemical names 
rather than as one of the B vitamins. Only those members 
of accepted therapeutic value are discussed in this section. 
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Thiamine. Thiamine or vitamin Bi is of considerable 
historical interest since the demonstration of its antiberberi 
action led to the formulation of the present-day concept 
of vitamins. It was first isolatea in crystalline form in 
1926 by Jensen and Donath and its empirical formula deter- 
mined by Windaus in 1932. Its structural formula and 
synthesis were reported by Williams and Cline in 1936. It 
is known in Europe as aueurin. Sources of thiamine include 
pork, dried yeast and ri<» husks. Live yeast contains much 
thiamine but the organisms apparently prevent its being 
a\/anable to man. The body does not store thiamine to any 
appreciable extent, although the appearance of deficiency 
symptoms may be delayed for several weeks or even months 
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Riboflavin. Riboflavin, known also as vitamin G or lacto- 
flavin, is widely distributed throughout the plant and animal 
kingdoms. The most important food sources include milk 
and meats. It was isolat^ in 1933 in three different labora- 
tories, at which time its identity with lactochrome, a yellow, 
water-soluble, green-fluorescing pigment of whey, first in- 
vestigated in 18^9, was realized. Riboflavin was first syn- 
thetized in 1935 by Kuhn and Karrer. 

Riboflavin is used in the treatment of riboflavin deficiency 
or **ariboflavinosis,” the symptoms of which include glossi- 
tis, cheilosis and photophobia and other ocular disturbances. 
It is also used to treat the riboflavin deficiency in conditions, 
in which multiple vitamin defidencies undoubtedly exist, 
such as pellagra, black tongue and beriberi. No untoward 
effects have been reported following large doses of ribo- 
flavin. 

Standardization of Riboflavin. A U.S.P. Riboflavin Ref- 
erence Standard is available. Preparations are standardized 
by a microbiologic assay employing Lactobacillus easel as 
the test organism. 



Nicotinic Add rficoU’natolde 


Nicotinic Acid. Nicotinic aad (niacin, antipellagra vita-} 
min, P.P. [pellagra-preventing! factor) is the most impor- , 
tant factor in the prevention of pellagra. Rich food sources 
of this vitamin include meats and whole wheat products. 

Nicotinic held was first prepared by the oxidation of 
nicotine in 1873^ long before its vitamin activity was recog- 
nized. Its efficacy in curing black tongue and pellagra was 
demonstrated by Elvehjem and fay Spies respectively in 
1937. Although nicotinic add is several hundred times less 
♦liein nlrAfino it wqc felt tTiA •jcCfirlaHon would 
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Riboflavin. Riboflavin, known also as vitamin G or lacto- 
flavin, is widely distributed throughout the plant and animal 
kingdoms. The most important food sources include milk 
and meats. It was isolated in 1933 in three different labora* 
tories, at which time its identity with lactochrome, a yellow, 
water-soluble, green-fluorescing pigment of whey, first in- 
vestigated in 1879, was realized. Riboflavin was first syn- 
thetized in 1935 by Kuhn and Karrer. 

Riboflavin is used in the treatment of riboflavin deficiency 
or “ariboflavinosis,” the symptoms of which include glossi- 
tis, cheilosis and photophobia and other ocular disturbances. 
It is also used to treat the riboflavin deficiency in conditions 
in which multiple vitamin deficiencies undoubtedly exist, 
such as pellagra, black tongue and beriberi. No untoward 
effects have been reported following large doses of ribo- 
flavin. 

Standardization of Riboflavin. A U.S.P. Riboflavin Ref- 
erence Standard is available. Preparations are standardized 
by a microbiologic assay employing Lactobacillus casei as 
the test organism. 



NIcotioic Add NicoUnatcude 


Nicotinic Acid. Nicotinic acid (niacin, antipellagra vita-! 
min, P.P. [pellagra-preventing] factor) is the most impor- 
tant factor'in the prevention of pellagra. Rich food sources 
of this vitamin include meats and whole wheat products. 

Nicotinic hcid was first prepared by the oxidation of 
nicotine in 1873/ long before its vitamin activity was recog- 
nized. Its efficacy in curing black tongue and pellagra was 
demonstrated by Elvehjem and by Spies respectively in 
1937. Although nicotinic acid is several * » ’ v-d times Iess_,^ 
toxic than nicotine, it was felt the 
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in rats leads to “rat acrodynia’^'characterized by degenera 
tive changes in the cardiac and striated muscles and change: 
'in the nervous system. This has led to its use in such coA' 
ditions as paralysis agitans and pseudohypertrophic mus 
cular dystrophy, with promising results being reported k 
some cases. 

VITAMIN C 
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AscortiicAdd 

Vitamin C (ascorbic add, cevitamic acid) is a water- 
soluble vitamin widely distributed in nature. The important 
food sources are fruits and vegetables, especially citrus 
fruits, tomatoes and potatoes. It is rapidly destroyed by 
heat and by oxidation. It was isolated from lemon juice 
by King and Waugh in 1932 and identified as the reducing 
compound “hexuronic add” isolated earlier by Szent-Gyor- 
gyi from the adrenal glands and vegetable sources. Its 
constitution was demonstrated and synthesis accomplished 
in 1933 by several workers. Synthetic vitamin C is now 
considerably more economical than that isolated from nat- 
ural sources. 

Ascorbic acid is the spedfic curative agent in scurvy, a 
condition due to a defidency of this vitamin. It is probable 
that this disease is widespread in a subdinical or border- 
Jine form characterized by restlessness, irritability and gen- 
eral run-down feeling. More marked symptoms include 
capillary fragility, manifested by petechial hemorrhages in 
the skin and swollen and bleeding gums. The underlying 
pathology appears to be a change in the intercellular matrix 
of the connective tissue. 
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in rats leads to “rat acrodynia” characterized by degenera- 
tive changes in the cardiac and striated muscles and changes 
'in the nervous system. This has led to its use in such con-, 
ditions as paralysis agitans and pseudohypertrophic mus- 
cular dystrophy, with promising results being reported in 
some cases. 
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Ascorbic Add 


Vitamin C (ascorbic acid, cevitamic add) is a water- 
soluble vitamin widely distributed in nature. The important 
food sources are fruits and vegetables, espedally dtrus 
fruits, tomatoes and potatoes. It is rapidly destroyed by 
heat and by oxidation. It was isolated from lemon juice 
by King and Waugh in 1952 and identified as the reducing 
compound “hexuronic add” isolated earlier by Szent-Gyor- 
gyi from the adrenal glands and vegetable sources. Its 
constitution was demonstrated and synthesis accomplished 
in 1933 by several workers. Synthetic vitamin C is now 
considerably more economical than that isolated from nat- ^ 
ural sources. 

Ascorbic acid is the spedfic curative agent in scurvy, a 
condition due to a defidency of this vitamin. It is probable 
that this disease is widespread in a subclinical or border- 
line form characterized by restlessness, irritability and gen- 
eral run-down feeling. More marked symptoms include 
capillary fragility, manifested by petechial hemorrhages in 
the skin and swollen and bleeding gums. The underlying 
pathology appears to be a change in the intercellular matrix 
of the connective tissue. 
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Vitamin D (antirachitic vitamin) consists of, a group of 
fat-soJubJe substances which occur in physiologically active 
form only in animals. Plants contain “provitamins D,” 
including ergosterol and 7-dehydrocholesteroI, which can 
be converted into active vitamin D by ultraviolet light 
Food sources of vitamin D include eggs, milk and milk prod; 
ucts. Sunlight is an important factor in converting pro- 
vitamins to an active form in the human or animal body, 
the skin providing a rich store of provitamins. Commer- 
cially, vitamin D is obtained from the liver oil of marine 
fishes, which is usually rich In both vitamins A and D, and 
by the irradiation of ergosterol or 7-dehydrocholestero! 
which yield vitamin Dj (drisdol, calciferol, viosterol, acti- 
vated ergosterol) or vitamin D3 (activated 7-debydro- 
cholesterol) respectively. At least six different vitamins D 
are present in fish-liver oils. There appear to be quite 
marked differences in the responses of various species of 
animal to a given vitamin D and also in the response of a 
given species to various vitamins D. 

Vitamin D preparations are used chiefly in the prevention 
and cure of infantile rickets, spasmophilia (infantile tet- 
any), and osteomalacia or rickets of the adult, which occurs 
largely in pregnant and lactating women. These diseases 
result from faulty calcium and phosphorus metabolism due 
to vitamin D deficiency. The characteristic symptoms of 
these conditions are decaldfication of the bone leading to 
brittleness and deformities and extreme muscular weakness. 
Large doses of vitamin D have been reported by several in- 
vestigators to be of value in the treatment of lupus vulgaris. 
Vitamin D in massive doses has been recommended in the 
treatment of arthritis and has unfortunately been used quite 
widely in this condition without medical supervision. Its 
therapeutic value has been shown to be questionable, and 
numerous reports have appeared concerning the toxic effects 
of large doses of vitamin D, including gastro-intestinal 
upsets, weakness, skin eruptions and occasionally metastatic 
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essential to the processes of reproduction; in its absence, 
there is degeneration of the seminiferous epithelial cells in 
the male, and degenerative changes of embryos in the preg- 
nant female, resulting in resorption of the embryos or m 
abortion. This has led to its use in the treatment of steril- 
ity and threatened or habitual abortion in human beings. 
Its value is questionable but its use has been justified on the 
grounds that it is nontoxic and that alternative treatment 
is usually ineffectual. 

Laboratory animals on a vitamin E deficient diet develop 
nutritional muscular dystrophy and lesions of the nervous 
system. Consequently, vitamin E has been used in tbe 
treatment of muscular dystrophy and degenerative diseases 
of the nervous system. The results, however, have not been 
very encouraging, and all cllolca! uses of vitamin E must 
be considered only experimental at this time. 

VITAMIN P 

Vitamin P has received little attention and not much is 
known as to its role as an essential nutritive element. It 
is present in citrus fruits and probably in many other plants. 
It appears to be a flavone derivative. Its physiologic 
action is concerned with maintenance of the walls of bl^od 
vessels and, in its absence, there is increased capillary 
fragility. 
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deficiency of this amino acid, produced experimentally in 
man, showed a specific effect on the production and motility 
of spermatozoa which was corrected by arginine supple- 
ments. 

Recently, synthetic mixtures of the essential amino adch 
or of simple peptids and amino acids (casein digests or 
hydrolysates) have been used to provide the protein nitro- 
gen requirements when norma) feeding is interfered with. 
These preparations may be administered orally, intrave- 
nously or subcutaneously. Intravenous injection of hydroly- 
sates occasionally causes febrile reactions or nausea and 
vomiting. The incidence of nausea and vomiting can be 
reduced by slow administration. 


Table 4 

DAILY DOSE OF VITAMINS 
At Supplemental and Tlierapeutic Levels 


VITAMIK 



A 

5,000 units 

25,000-200,000 units 

Bi (thiamine) 

1-2 mg. 

20-100 mg. / 

Ba (riboflavin) 

2-3 mg 

5-20 mg. 

Nicotinic acid and nicotinamide 

10-2S 

1 100-500 

Bfl (pyridoxine) 

1 ? 

5-10 mg. 

C (ascorbic acid) 

75 

100-500 mg. 

D 

400 units 

1,500-2,500 units 

E (tocopherol) 

? 

S(^100n2g. 


PREPARATIONS 
(For dosage, see Table 4) 

Oleovitamin A. U.S.P. Contains vitamin A from natural 
sources. Each gram contains not less than 50,000 or more 
than 65,000 U.S P. units of vitamin A and not more 
than 1,000 U.S.P. units of Vitamin D. 

Oleovitamin A capsules U.S.P, Contain 5,000 or 25,000 
U.S.P. vitamin A units per capsule. 
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Vitamins 


• Percomorph-liver oil N.N^. A mixture of fixed oils from 
various percomorph fish. Contains not less than 60,000 
U.S.P. units of vitamin A and 8,500 U.S.P. units of vita- 
min D per gram. 

Carotene N.N.R. 

Carotene in oil N.N.R. Contains not less than 7,500 II.SP. 
vitamin A units per gram. 

Liver — B-vitamins injection U.S.P. Each cc. contains niJt 
less than O.OS mg. riboflavin, O.S mg. nicotinic acid and 
12 mg. choline. 

Dried yeast U.S.P. Contains not less than 0.12 mg. thiamine 
hydrochloride, 0.04 mg. riboflavin and 0.25 mg. nicotinic 
acid per gram. 

Dried yeast tablets U.S.P. 

Triasyn B capsules and tablets U.S.P. Contain not less 
than 2 mg. thiamine hydrochloride, 3 mg. riboflavin and 
20 mg. nicotinamide. 

Rice polishings U.S.P. 

Rice*polishings extract U.S.P. Contains not less than 20 
U.S.P. units vitamin Bi, representing approximately 14.5 
Gm. rice polishings. 

Thiamine hydrochloride U.S.P. Ane^rine h^rochloride B.P. 

Thiamine-hydrochloride tablets U.S.P. Available containing 
3, 5 and 10 mg. thiamine hydrochloride. 

Thiamine-hydrochloride injection U.S.P. 

Adsorbate of vitamin Bj ; B.P. Contains 100 units antineu- 
ritic activity per gram. 

Nicotinic acid (niacin) U.S.P.; B.P. 

Nicotinic-acid tablets U.SP. Available containing 25, SO' 
and 100 mg. nicotinic acid. 

Nicotinamide U.S.P. ; B.P. 

Nicotinamide tablets U.S.P. Available containing 25 and 
50 mg. nicotinamide. 

Nicotinamide injection U.SJ*. 

Riboflavin U.S.P.; B.P. ^ 
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Diagnostic Agents 


phthalein (phenol red) was excreted almost exclusively in 
the urine. These findings were promptly adopted by 
Rowntree and his associates as a means of testing liver 
and kidney function respectively. Rowntree’s liver-function 
test involved determination of the amount of the dye ex- 
creted in the stools during the 48-hour period subsequent 
to its intravenous injection. Rosenthal later showed that the 
liver function could be more conveniently tested by follow- 
ing the rate of disappearance of the drug from the blood 
stream. This investigator also examined a further series of 
phthalein dyes for their value in indicating hepatic damage 
and found that phenoltetrabromphthalein sodium sulfonate 
(sulfobromophthalein sodium U.S.P., bromsulphthalein) was 
the most suitable for the purpose. 

PHTHALEINS 

lii 1923, Graham and his associates began a series of 
studies on radio-opaque bromo- and iodophenolphthalein 
derivatives which could be used simultaneously for chole- 
cystography and for the determination of hepatic function. 
Of these, sodium tetraiodophenolphthalein (iodophthalein 
sodium U.S.P.) and sodium phenoltetraiodophthalein (phen- 
tetiophthalein sodium N.N.R.) are most commonly used. 

In general, the phenolphthalein compounds are relatively 
free from toxic symptoms. Sodium iodophthalein may cause 
gastro-intestinal upsets, dizziness and a fall in blood pres- 
sure. It should be used with caution in cases of heart and 
kidney damage. 

Sodium fluorescein (sodium resorcinolpbthalein) is used 
as a diagnostic agent in ophthalmology. It stains diseased 
areas of the cornea a bright fluorescent green, while foreign 
bodies appear in a green ring. Fluorescein has also been 
used to determine the line of demarcation of gangrenous 
areas. The dye is injected intravenously and areas with an 
adequate blood supply promptly show a greenish color under 
ultraviolet light. 
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Diagnostic Agents 


RADIO-OPAQUE SUBSTANCES 

Basiuu Sulfate 

Barium sulfate was introduced in Germany in 1910 as a 
contrast medium for roentgen examinations of the gastro- 
intestinal tract. It is nontoxic because of its extreme insolu- 
bility and is very inexpensive. A number of fatal cases of 
barium poisoning have been reported due to accidental sub- 
stitution of soluble salts, especially barium sulfide. To avoid 
such errors, it is recommended that when barium sulfate is 
prescribed, the title of the drug be written out in full. 

Previous to the introduction of barium sulfate, insoluble 
bismuth salts were used in roentgen examination of the 
gastro-intestinal tract. They are still used to a limited extent, 
the subcarbonate being preferred to the subnitrate because 
of its lower toxicity. 

Thoriuk Dioxide 

Thorium dioxide is an intensely radio-opaque substance 
widely used as a contrast medium in the form of a stabilized 
colloidal solution (thorotrast). On intravenous injection, it 
is rapidly taken up by the cells of the reticulo-endothelial 
system and it is, therefore, of particular value in roentgen- 
ography of the liver, spleen and blood vessels. It has also 
been injected into the lacteal ducts in mammographic studies, 
but its use is accompanied with a high incidence of irritating 
effects. 

• The chief danger in the use of thorotrast lies in the fact 
that it remains in the body for an indefinite period of time, 
during which it emits radioactive disintegration products 
which may give rise to late toxic manifestations of a serious 
nature. 

Iodine Preparations 

Iodized Oils. A number of radio-opaque preparations are 
available which consist of iodine addition products of vege- 
table oils. These preparations are nonirritating and can be 




f 

‘40gusp inoipiM loa pire p3;H3nduioD a^inb si ‘jaAaMoq 
‘Diuqoai aqx 'siq^pBAB si nopnios paiujiuaauoo t ‘aSodjnd 
joj -sjassaA pooiq pus pBjj iCjBipq sip jo snoipui 
-uiBxs usSjusoj ui pssn osib si posjXdopoi ’uopBuuoj auiaii 
|o uoiss9Jddns o; pBaj Xcm suoipasdsid asaq^ p sssop 
aSisT ‘£261 ui sappossB siq puB aajpAiOH ^q paonpoput 
apipoi uinipos oixoj ajoui aqj aaBjdaj oj 6Z61 m ^foiMg 
Xq XqdBjSopXd snouaABJtui ioj psanpojjui sbm ipiqii ‘xBdoi 
SBM /jiBoraip past! aq o; saDirejsqns asaqj jo isig aqx '^qd 
•BjSop^d apBJgojpj joj JO XqdBjSopXd shousabjjuj ui asn 
jo; saouBjsqns 3 sbj;uoo aA^oayd ajB uom44iH (trepoiqs 
-oau ‘iSBjpotp) i90t}J<.4opot ‘(ppoiqB ‘uspoiqs) ppottijsm 
‘(uiiqXxopoi ‘uBpapsojn) XD4ot-oou ‘(uBpapsoin) xv4oj 

■tiopBJidsaj JO 

saouBqjnjsip put? snopdrija ajqs 'sasnsa 'np^s aqj jo Suiqsng 
apnpui suoijBJBdajd asaqi Xq pauoisBoao spa^a pjbaiojuq 
• ssaiqp aj3Aas jaqjo puB fisojuDJaqnj ‘Xouapqjnsnj oipdaq ao 
IBnaJ HI paptoAB aq ppioqs Xaqx ‘SPBj; XjBjnq^pUB XJBtiijti 
aqi JO uopBzqunsiA jo; pasn ajB spunoduioo auipoi OjusSao 
aiqtqos anbBdo-oipBJ jo jaquino b ‘spunoduioo uTajBipqd aiBj 
-jaa 01 uoiqppB u; ‘spimodmo^ autpoi aiqnpg-japyy^ 
•aoBds piouqoBJB jBuids aq; jo ;no papjidsB 
puB ojut papafot XppBaJ ajoiu aq ubd puB spo pazipoi 
aq; UBtp ping aJoiu si ;i 'ano iBdpuud aq; XpuajsddB ppu 
oijXoapuniXoaqdopoi |Xq;a qjiM 'sja;sa ouauiosi jo ajnjxtm 
B JO SJSISU03 ;i 'XqdBjSojaXui ui lunipaui ;sbi;uo3 b sb 
ZV61 S31^S ^q; UI paDnpoijui sbai 9nbv4oiiivj 

•pa;jodaa uaaq osib OABq 'jbjb; XgBQoiSBooo ‘sasuodsaj oiS 
-janv •snoi;dnja niqs puB spuBjg XjBgixBuiqns puB ppojBd 
aq; jo SnigaAis Suipnpui ‘uisjpoi jo asoq; aJB spo pazipoi 
JO asn aq; qjjM pajBpossB suio;duiXs otxo; uouiuioo ;soui 
gqx ’jjnsaj Xbui lasqoquia go ‘aanssaad ajqBaapisuoD aapnn 
pajoatm ;i ’saopOBaj Xpoq-u8iaJoj o; asu aAiS Xbui pus 
sappBo pasop laojj Xiinojs paAouiaj ajo Xaqx ’puBo purds 
aip puB s;dbj; snop;sg ‘iqouojq ‘s;dbj; p;iua3 puB Xjbu 
- jm aq; sb qons ‘Xpoq aq; Jo sapiABo snouBA o;ui pajaafai 

iO? saonBjsqng anbtdo-ojpB^ 



306 


Diagnostic Agents 


RADIO-OPAQUE SUBSTANCES 
Barium Suifate 

Barium sulfate was introduced in Germany in 1910 as a 
contrast medium for roentgen examinations of the gastro- 
intestinal tract. It is nontoxic because of its extreme insolu- 
bility and is very inexpensive. A number of fatal cases of 
barium poisoning have been reported due to accidental sub- 
stitution of soluble salts, especially barium sulfide. To avoid 
such errors, it is recommended that when barium sulfate is 
prescribed, the title of the drug be written out in full. 

Previous to the introduction of barium sulfate, insoluble 
bismuth salts were used in roentgen examination of the 
gastro-intestinal tract. They are still used to a limited extent, 
the subcarbonate being preferred to the subnitrate because 
of its lower toxicity. 

Thorium Dioxide 

Thorium dioxide is an intensely radio-opaque substance 
widely used as a contrast medium in the form of a stabilired 
colloidal solution (thorotrast). On intravenous injection, it 
is rapidly taken up by the cells of the reticulo-endothelial 
system and it is, therefore, of particular value in roentgen- 
ography of the liver, spleen and blood vessels. It has also 
been injected into the lacteal ducts in mammographic studies, 
but its use is accompanied with a high incidence of irritating 
effects. 

• The chief danger in the use of thorotrast lies in the fact 
that it remains in the body for an indefinite period of time, 
during which it emits radioactive disintegration products 
which may give rise to late toxic manifestations of a serious 
nature. 

Iodine Preparations 

Iodized Oils. A number of radio-opaque preparations are 
available which consist of iodine addition products of vege- 
table oils. These preparations are nonirritating and can be 
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Diagnostic Agents 


lodoalpkionic acid (priodax) was introduced in Germany 
in 1940 under the narrte of biliselectan as a medium for 
cholecystography. It is claimed to cause fewer gastro-intes- 
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tinal upsets than iodophthalein. Furthermore, it is excreted 
largely by the kidneys and therefore does not cause confus- 
ing shadows in the hepatic flexure, lodoalphionic acid is 
known in Great Britain as pheniodol. 
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ing properties of phenol led to the abandonment of its tise 
and to its replacement by aseptic technics. The interest 
in antiseptics was revived during World War I, when it 
I became necessary to treat an overwhelming number of 
severely infected wounds under field conditions. After the 
war, however, interest in these preparations was negligible, 
in large part because of disappointing results following tie 
earlier extravagant claims. 

With the introduction of the sulfonamides and the anti- 
biotics, it appeared that, at last, the problem of local 
antisepsis had been solved. Unfortunately, however, as a 
result of the widespread and often indiscriminate local use 
of these agents occasioned by the war, the inadequacies 
. and dangers of the local use of the sulfonamides and also 
of penicillin soon became apparent' (see Chapters' 29 and 
30) . This led to a re-examination of the older preparations, 
espedaliy of the acridine derivatives, and to a search for 
new preparations, of which propamidine seems the most 
promising (see Chapter 31). 

The efficacy of antiseptics and germicides is greatly 
influenced by the conditions under which they are used. 
Important factors include the concentration of the drug; 
the duration of exposure and the nature of the solvent; the 
species of organism; the phase of its growth and the 
presence of serum, pus or blood. Thus, young cells are 
usually more susceptible than old ones, while spores or 
capsulated forms are, as a rule, veiy resistant. Organic 
substances, especially proteins, may lead to protective films 
around the organisms or to interference with the antiseptic. 
However, the activity of acriflavine, for example, may be 
increased by the presence of serum because of the fact that 
the dye is a more effective antiseptic in an alkaline medium. 

The strength of an antiseptic or of a disinfectant is con- 
ventionally expressed by its phenol coefficient. This repre- 
sents the ratio of its germicidal power to that of phenol, both 
being tested under identical conditions. The test, however, 
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cidal, hence it is also known as trypaflavine. Its bacterio- 
cida] action was demonstrated by Browning in 191J and it 
became widely used for wound antisepsis in World War I. 
It is probably the least effective and the most toxic of the 
acridine derivatives in present-day use. 

Proflavine is 2,8-diaminoacrldine. It was first made avail- 
able as the hisulfate salt, which required neutralization with 
sodium bicarbonate or a buffering salt. It is now available 
as the less acid monosulfate. It has been used successfully 
as a fine dusting powder on suppurating wounds but should 
be used sparingly on relatively clean wounds, otherwise 
coagulation necrosis may be produced. 

S-aminoacridine or monacrine was introduced,by Albert 
in 1942. It has essentially the same properties as acriflaviae 
and proflavine. It is almost colorless and does not therefore 
stain clothing. Both monacrine and diflavine ( 2 , 7 -diamino- 
acridine) are said to be more effective against gram-negative 
organisms than the other acridines. 

During World War II, the use of acridine dyes combined 
with sulfonamides was advocated because of their alleged 
synergistic action. However, such preparations, when used 
locally, owe their activity almost entirely to their acridine 
component and at the same .time present the same bayards 
as does the local application of the sulfonamides. 

The acridines inhibit the growth of a wide variety of 
pathogenic bacteria. They are active in the presence of 
serum proteins and are relatively nonirritant in effective 
concentrations, though high concentrations may have dam- 
aging effects on normal tissues. They possess a low systemic 
toxicity and probably do not interfere with phagocytosis. 
They have been injected intravenously as systemic antr- 
infectives but their value is questionable. Their disadvan- 
tages include their affinity for fabrics, such as surgical 
dressmgs and clothing and the instability to light of the 
the colored compounds. 
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Its popularity immediatly became widespread and it was 
even used intravenously for the treatment of septicemia 
Later, more critical studies showed its value to be quite 
limited. 

Simple Silver Salts. Silver salts, such as the nitrate, 
lactate and picrate, are astringent and corrosive as well as 
antiseptic and germicidal. Their activity is due largely to 
the liberation of silver ions and possibly to the liberation 
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of silver, which is germicidal in very minute amounts.* Silver 
nitrate as a 1 to 2 per cent solution has been used propbylac- 
tically against gonorrheal ophthalmia neonatorum since 
1881, when Crede demonstrated its value. 

Prolonged use of any silver preparation may result in 
permanent pigmentation of the skin (argyria). 

Colloidal Silver Preparations. Colloidal silver prepara- 
tions lack the astringent and corrosive properties of the 
silver salts. They consist of indefinite mixtures of metallic 
silver, silver oxide and various silver-protein compounds. 
The strong silver-protein preparations, such as protargol, 
are intermediate in their germicidal action between the 
silver salts and the mild silver protein compounds. They 
contain 8 per cent silver and are used in concentrations of 
from 0.1 to 10 per cent. Mild silver-protein preparations 
contain from 19 to 23 per cent silver, but they are less active 
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peroxide. It is of value in the treatment of infections caused 
by anaerobic organisms. 

Sodium peroxide forms an alkaline and caustic solution 
with water. It is used largely by dentists as a bleaching 
agent. Incorporated into soap, it is used in the treatment 
of acne. 

Potassium permanganate also exerts its antibacterial 
activity by oxidation. It has been used for wound dressings 
and for the treatment of gonorrhea but its staining qualities 
are undesirable. It can be used in the disinfection of water, 
but it imparts a disagreeable taste and the residual man- 
ganese compounds may produce toxic effects. 

ALCOHOLS 

Ethyl alcohol is a fairly effective germicide' because of iU > 
dehydrating, coagulating and cleansing action. The opti- 
mum concentration is 70 per cent by weight. ■*" 

Isopropyl alcohol is a more powerful germicide than 
ethyl alcohol and has the further advantage of being a 
more efScient cleansing agent because of its lower surface 
^tension and greater fat-solvent activity. It is most active 
in full strength and is not so corrosive for metal instrumenls 
as 70 per cent ethyl alcohol. Neither ethyl nor isopropyl 
alcohol is capable of destroying spores even after prolonged 
exposure. 

Glycol vapors, particularly those of propylene and tri* 
ethylene glycol, have recently been shown by Robertson and 
his associates to be effective germicides for the control of 
air-borne diseases. When suitable practical technics have 
been evolved for dispersal of the vapors and for the control 
of their concentration, they should prove useful in the dis- 
infection of closed spaces, such as hospital rooms, school- 
rooms, barracks and theaters, i 

PHENOLS 

The phenols exert their germicidal activity by coagulation 
of bacterial proteins. ITiey are effective against many 
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DETERGENTS 

The detergents include the common soaps and the so- 
called synthetic detergents. They exert their anti-infective 
action in large part by the simple removal of the micro- 
organisms. They lower the surface tension of the water, 
enabling it to surround and wash away the adhering organ- 
isms as well as grease and dirt particles. The removal of the 
grease and the softening of the film in which the organisms 
are embedded makes the emulsification and washing off 
easier. In addition to their cleansing action, the detergents 
possess in many cases a direct toxic action, on the bacteria. 
This may be intensified by the addition of other germicides, 
such as mercuric chloride, but usually the concentration Is 
too low to be of any value if the preparation is to remain 
nontoxic. 

The action of the common soaps is enhanced by their 
content of free alkali and the appearance of considerably 
more alkali when the soaps are hydrolyzed. This alkalinity 
may be important in determining the degree of direct germi- 
cidal action of the soap. In addition, it promotes more 
rapid desquamation and thereby aids in the removal of 
pathogenic agents from the skin. 

The most effective synthetic detergents are the cationic 
compounds, including benzalkonium chloride (zephiran 
chloride, a mixture of alkyl dimethyl benzyl ammonium 
chlorides), phemerol chloride and cetyl pyridinum chloride. 
These preparations consist essentially of ammonium salts 
with organic groups substituted for the hydrogen atoms. 
They are in general more effective against gram-positive than 
against gram-negative organisms. Their activity is greatly 
reduced by the presence of soap or other anionic detergents. 

NITROFURAZONE 

It has been known for many years that a number of com- 
pounds containing the furan nudeus possess antiseptic prop- 
erties, However, a' systematic investigation of compounds 
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Nitromersol N.N.R. 

Merphenyl borate, merphenyl nitrate and merphenyl picrate 
Silver nitrate U.S.P,; B.P. 

Toughened silver nitrate (lunar caustic) U.S.P.; B.P. 
Silver lactate N.NJR. 

Silver picrate N,N.R. 

Mild silver protein U.S.P. 

Strong silver protein B.P.; NJT.R. 

Surgical solution of chlorinated soda (Dakin’s solution) B.P. 
Chloroazodin U.S.P. 

Chloroazodin solution U.S.P. 

Chloramine-T. N.N.R. Chloramine B.P. 

Dichloramine-T. N.N.R. 

Hyclorite N.N.R. 

Succinchlorimide N.N.R. (for water disinfection). 
Halazone N.N.R. (for water disinfection). 

Iodine tincture U.S.P. Contains 20 Gm. iodine, 24 G». ^ 
sodium iodide in 1000 cc. 

Strong solution of iodine 
Weak solution of iodine 
Iodoform B.P. 

Hydrogen peroxide solution U.S.P.; B.P. Approximately 3 
per cent solution. 

Sodium peroxide N.N.R, 

JXedicinai zinc peroxide U-SP. Contains zinc peroxide, zinc 
carbonate and zinc hydroxide. 

Potassium permanganate U.S.P.; B.P. 

Alcohol U.S.P.; B.P. Approximately 92 per cent ethyl 
alcohol by weight. 

Isopropyl alcohol N.N.R. 

Phenol U.S.P.; B.P. 

Cresol U.S.P.; B.P. A mixture of isomeric cresols obtained 
from coal tar. 

Cresatin N.N.R. 

Boric acid U.S.P . ; B.P. 
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Intestinal Anthelmintics 


In practice, a certain amount of absorption of these drugs 
from the gastro-intestinal tract invariably occurs. The pos- 
sibility of toxic effects can be minimized, however, by cer- 
tain precautionary measures. Thus, the presence of alcohol 
and of fatty foods in the gastro-intestinal tract may increase 
the absorption of the anthelmintic to a dangerous degree; 
therefore, these must be avoided for a day or two before the 
drug is given. Many of the anthelmintics have a deleterious 
action on the liver and especially on a glycogen-depleted 
liver, hence the state of nutrition of the patient may have 
a marked influence on the toxicity of these drugs. Best 
results are usually obtained if the patient is allowed a light 
meal 12 hours before the drug is to be given. 

Anthelmintics should always be followed promptly by 
purgation. This serves the dual function of sweeping out 
the dead or dying worms and removing the potentially toxic 
anthelmintic. In general, saline purgatives are recommended. 
Most anthelmintics are fat-soIuble, and oily purges are said 
to facilitate their absorption, but this is probably only true 
in the case of absorbable oily purgatives, such as olive oil. 

While each anthelmintic exerts some deleterious action 
on all of the common worms, it is usually particularly effec- 
tive against one species. Stool examinations should be made, 
therefore, to identify the particular parasite or parasites 
present so that the most effective agent may be chosen. 

A single administration of an anthelmintic is not always 
sufficient to eradicate the infestations completely. If succes- 
sive doses of anthelmintics are required, they should be 
adequately spaced th avoid cumulative poisoning.. The effec- 
tiveness of the treatment may be determined by demonstra- 
tion of egg-free stools after an appropriate period of time. 
With tapeworms, cures cannot be expected unless the bead 
is removed. 

In severe helminth infections, the use of anthelmintics 
should be supplemented or even in some cases preceded by 
supportive measures including the use of iron or blood trans- 
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now almost entirely replaced carbon tetrachloride as an 
anthelmintic. As far as is known, no fatalities have fol- 
lowed its use, the occasional toxic reactions being limited 
to giddiness, nausea and vomiting. Rarely, a soporific effect 
is produced. 

Tetrachloroethylene or carbon tetrachloride apparently 
narcotize rather than kill the hookworms, hence their ad- 
ministration must be followed promptly by a saline cathar- 
tic. These drugs are contraindicated in the presence of 
ascaris infestations since they cause a primary stimulation 
of these worms which may lead to the formation of obstruct- 
ing masses in the intestine or to migration of worms into the 
biliary or pancreatic duct, stomach or esophagus. 

HEXYLRESORCINOL 

OH 



CH2-CH2-CHg-CH2-CH2-CH3 

Hexylresorcinol 

Hexylresorcinol is one of the safest and most widely used 
anthelmintics. It is used chiefly in the treatment of ascaria- 
sis but is also of some value in the eradication of dwarf 
tapeworms, hookworms and pinworms. It was introduced 
as an antiseptic in 1927, its anthelmintic properties being 
first established by Lamson in 1930. It owes its effect to a 
blistering action on the cuticle of the worm. Its efficacy is 
greatly reduced by the presence of protein material in the 
gastro-intestinal tract, hence, purgation or fasting sbouJd 
precede its use. 
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most effective in the treatment of ascariasis ; it does not kill 
the worms but renders them easily removable with a purge. 
However, it is quite toxic, causing vomiting, colic and 
diarrhea, hallucinations and convulsions. The urine is some- 
times colored yellow or green. Disturbances in color vision 
are common, especially “yellow vision" (xanthopsia). 


THYMOL 



Thymol is a crystalline phenol derivative prepared syn- 
• thetically or obtained from the volatile oils of a number of 
different plants. It was first used in the treatment of hook- 
worm infections by Bozzolo in 1879 in Italy. It Is litd® 
used now because of its toxicity. Symptoms of poisoning 
include gastro-intestinal upsets, ringing in the ears, dizzi- 
ness and muscular weakness. 


BETANAPHTHOL 



Betanaphthol was introduced for the treatment of hook- 
worm in 1906. It is little used now as an anthelmintic 
except in the treatment of fasciolopsiasis because of its toxic 
effects, which include gastro-intestinal upsets and central 
nervous system stimulation. Hemolysis of red blood cells 
has also been reported foliowing its use. 

Betanaphthol has a marked germicidal effect. Its greatest 
use is in the treatment of parasitic skin diseases usually in 
the form of an 0.5 to 5 per cent ointment. It is also used 
as an intestinal antiseptic. 
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has led to its virtual abandonment in the treatment of 
human helminth infestation. In animals, overdosage has led 
to paralysis. 

Leche de higueron is the crude fresh latex of certain 
species of fig trees of the South and Central Americas. It is 
used effectively in those countries as a vermicide, especially 
in ascariasis and trichuriasis. Its activity is apparently due 
to the presence of a proteolytic enzyme, hcin, which digests 
the worm. Preparations of leche de higueron rapidly lose 
their effectiveness unless refrigerated. Some potency may 



Phenothiozine 


be retained, however, if sodium benzoate is added as a-pre- 
servative. Other proteolytic enzymes which have been sug- 
gested as anthelmintics include papain, obtained from the 
papaya, and bromelin, obtained from pineapple juice. The 
latter has been shown to be effective against ascan's in vitro 
but not in vivo. The use of enzyme preparations as anthel- 
mintics should be avoided in cases in which bowel lesions 
are known or suspected to exist. 

Pelletierine tannate is a mixture of the tannates of sev- 
eral alkaloids obtained from pomegranate, whose use in the 
treatment of tapeworm is mentioned in the writings of 
Dioscorides. Pelletierine is little used nowadays because of 
the frequency with which it produces severe toxic effects, 
including gastro-intestinal upsets, muscular cramps, dizzi- 
ness and visual disturbances. Occasional cases of permanent 
blindness have been reported following its use. ^ 
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PREPARATIONS ^ 
Tetrachloroethylene U.S.P. 3 cc. '' 
Tetrachloroethylene capsules. Usually contain 0.2, 1.0 and 
2.5 cc. 

Carbon tetrachloride B.P. 2-4 cc. 

Hexylresorcinol U.S.P. 1 Gm. 

Hexylresorcinol pills U.S.P- Usually 0.1 and 0.2 Gm. 

Oil of chenopodium B.P. 0.2-1 cc. 

Santonin B.P. 0.06-0.2 Gm. 

Thymol U.S.P.; B.P. 1-2 Gm. 

Betanaphthol U.S.P. ; B.P. 0.12 Gm. 

Methyirosaniline chloride U.S.P. 60 mg. 

Aspidium U.S.P. Male fern B.P. 4-8 Gm. 

Aspidium oleoresln U.S.P. 4 Gm. Extract of male fern B.P. 
2-6 cc. 

Pelletierine tannate B.P. 0.12-0.5 Gm. 
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Amebacides 

INTRODUCTION lODOQUINOLINE DERIVATIVES 

' EMETINE ASSENICAIS 

PREPARATIONS 

INTRODUCTION 

Amebacides are drugs lethal to amebae. They are used 
principally in the treatment of infections of Entameba his- 
tolytica, amebiasis. The choke of drugs and the success of 
the treatment are governed largely by the location of the 
parasites, the duration of the disease, the presence or ab- 
sence of secondary bacterial Infections and the general 
health of the patient. 

In its mildest form, amebiasis consists of the presence 
of Entameba histolytica in the lumen of the large intestine 
with or without some penetration or ulceration of the 
mucosa. It has been estimated that from 10 to 20 per cent 
of the population of the United States harbor the parasite 
in this form and act as symptom-free carriers of the disease. 
If the bowel involvement is more severe, symptoms of dys-. 
entery or chronic diarrhea develop, the so-called amebic 
dysentery or amebic colitis. If untreated, this stage may 
progress to amebic hepatitis or the more severe amebic 
abscess through secondary inv^ion of the -liver. IMore 
rarely, there may be invasion of the lung or the brain. 

The vegetative form of the parasite responsible for the , 
pathogenicity of the disease does not survive long outside 
the body and is destroyed by gastric acidity. The encysted 
form is quite resistant in moist surroundings and is respon- 
sible for the transmission of the disease. It may be destroyed 
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INTRODUCTION lODOQUINOLINE DERIVATIVES 

' EMETINE ARSENICAIS 

PREPARATIONS 

INTRODUCTION 

Amebacides are drugs lethal to amebae. They are used 
principally in the treatment of infections of Entameba his- 
tolytica, amebiasis. The choice of drugs and the success of 
the treatment are governed largely by the location of tie 
parasites, the duration of the disease, the presence or ab- 
sence of secondary bacterial infections and the general 
health of the patient. 

In its mildest form, amebiasis consists of the presence 
of Entameba histolytica in the lumen of the large intestine 
with or without some penetration or ulceration of the 
mucosa. It has been estimated that from 10 to 20 per cent 
of the population of the United States harbor the parasite 
in this form and act as symptom-free carriers of the disease. 
If the bowel involvement is more severe, symptoms of dys- 
entery or chronic diarrhea develop, the so-called amebic 
dysentery or amebic colitis. If untreated, this stage may 
progress to amebic hepatitis or the more severe amebic 
abscess through secondary Invasion of the -liver. More 
rarely, there may be invasion of the lung or the brain. 

The vegetative form of the parasite responsible for the 
pathogenicity of the disease does not survive long outside 
the body and is destroyed by gastric acidity. The encysted 
form is quite resistant in moist surroundings and is respon- 
sible for the transmission of the disease. It may be destroyed 
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In 1817, Pelletier obtained an active alkaloidal fractio 
from crude ipecac. This was later shown to consist of < 
least four alkaloids, of which emetine is the most impoi 
tant. Emetine did not replace ipecac in the treatment ( 
amebiasis for many years after its isolation, largely becaus 
of the mistaken notion that it represented the emetic but nc 
the jiarasitical activity of the crude drug. In 1911, howevei 
Vedder demonstrated the amebacidal action of emetine b; 
in vitro studies, and the following year Rogers reported ti 
successful treatment of amebic dysentery and hepatitis wit) 
intramuscular injections of soluble emetine salts. 

Emetine is a toxic drug and should be administered onlj 
under hospital supervision. It produces depression, mus 
cular weakness, nausea and diarrhea. It has a direct toxii 
action on the heart which may result in cardiac irregulari 
ties and a fall in blood pressure. Its dangers are mini* 
mized, however, if the patient is kept b bed during treat- 
ment and if the therapeutic dose is not exceeded. Emetine 
is only slowly excreted from the body, which results in accu- 
mulation of the drug in the body during the course of treat* 
ment, with the attendant possibility of late toxic effects. 

Emetine is the only effective amebacide for the treatment 
of amebic hepatitis or amebic abscess. It is of little value 
in the treatment of Intestinal amebiasis, however, for while 
it may temporarily relieve the symptoms it only rarely com- 
pletely eradicates the parasites. It is without effect on en- 
cysted stages of the parasites. 

A number of insoluble emetine preparations have been 
Introduced which can be taken orally. These drugs offer 
little, however, since they are more erratic in action than 
parenteral emetine and cause more gastro-intestinal disturb- 
ances. Emetine and bismuth iodide (E.B.I.) is probably the 
most widely used of such preparations and may owe some 
of its effectiveness to its iodine content. Ipecac is still used 
s to some extent because of its availability and lower cost. 
Gastro-intestinal upsets from its use may be reduced by the 
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lodochlorohydroxyquinoline (vioform), like chiniofon, 
was first introduced^as an iodoform substitute for wound 
antisepsis. It is more irritating to raucous surfaces than 
chiniofon and cannot be given rectally. It is more likely to 
cause nausea, vomiting and diarrhea. 

DHodo-oxyquinoline (diodoquin) is the most recently 
introduced of this series, having been overlooked for many 
years because of its extreme insolubility. Animal experi- 
ments indicate that it is poorly absorbed and relatively non- 
toxic. However, absorption does occasionally occur in both 
animals and man and toxic symptoms characteristic of iodine 
poisoning have recently been described following therapeutic 
doses. Blood levels of iodine may increase ten or a hundred- 
fold during its use. 
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The organic arsenicals, like the iodoquinolines, are only 
effective in treating intestinal amebiasis. Their activity is 
due to their arsenic content. They may give rise to symp- 
toms of prsenic poisoning, including liver and kidney dam- 
age, fever, diarrhea and skin eruptions. They should not 
be used in the presence of liver or kidney disease. 

Carbarsone, introduced as an amebacide in 1932, is prob- 
ably the safest of these preparations. It is given by mouth 
or as a retention enema. /icef<zrsane (stovarsol) was intro- 
‘ duced as an amebacide in 1923. It is seldom employed now 
because of its toxicity. 



9tp p sanssT? UIBJJ93 Xq praj jo uoi^Exg aqi uo laqnaji 
JO sajpnjs J3JIJB9 aq) • Xq pajiqnuips s-BAi qaoAi s,qotijq 3 
•XdBjatpouiaqo naapoiu aoj nopcpunoj aqj prej auiwtuaqd 
•SJB JO XjaAoosjp aqj m Sapunjuipio qaoAi qDJcasaa aqx 
' 'nDijotJ aATjBJno Xub Supaaxa jnoqijAi suoisaj 
optpqdXs u9do JO Snijtjaq aqi ui papre Xiaaam sSiup asaqj 
jnq p9sn uaaq 2uo| pcq sapipoi aqj puB Xanoiam ‘XjsnoiAaJx 
'6061 (,««^saBA]BS„) auxuiBuaqdsjB jo uop 

-onpoajut aqj jpun aiqBjTBAB joa sbaa luauijBajj jnjssaaons 
mq Xjnjuao qjuaajjg aqj ut paqiaosap isjg sbai sipqdXg 
•paqsqqBjsa aq UC3 sipqdXs jo juauijBaaj aqj ni 
apj anaj sji ajojaq asdsp isrnu sasaX jBaaAas ‘ppg siqj uj 
sSnap jnjasn jsotu aqj jo auo Suimooaq jo asimoad a^qBaa 
-pisuoD SAioqs ujppiuad jBqj ajBDipm saipnjs XaBuimqaad 
apqAi. ‘ajduiBxa aoj -sjnatjBd jo saaqmnu aSiBj jo uopBAaasqo 
JO* saBaX aatnbaa Xbui ‘juauijBaaj SaiMonoj asdapi ajBj jo 
aoaappui aqj sb qans ‘qatqAi jo auios ‘saopBj Xubui saAjoA 
-UT Srup opnm^^spuB Mau b jo uoipiqBAa poiuip aqx 
•BjiBlBui puB XaajuasXp oiqauiB ‘juajxa aassaj b oj ‘puB sis 
•BTUiosouBdXij XiqBjou ‘suopoajui oijisBiBd jaqp ui pasn ajB 
suoijBaBdaad oiuasaB aqj jo auios anqAi 'bujSub spuaaui^paB 
laxaj SuisdBiai ‘smbX sb qons ‘suoipajui jBjaqooaids aaqjo 
UJ aAtpajja osjb aiB Xaqx jo luauipaa^ aqj aoj 

XnBdpuud pasn bjb laidBqa siqi ui passnasip s8njp aqx 

\ NOixonao^XNi 

SNOIlVaVdBHd 

siMaov snoaKviiaosiOT samnvNaHdsav’ 

saoixoNasav KOUonaoaiNi 

sStuQ DptpqdXspuy 

LZ 


344 


Amebacides 


Rogers, L.: The rapid cure of amoebic dysentery and 
hepatitis by hypodermic injection of soluble salts of 
emetine, Brit. M. J. 1 ; 1424, 1912. 

IOI)OQUINOI.INES 

David, N. A. V., N. M. Phatak and F. B. Zener; lodo- 
chlorhydroxyquinoHne and diiodohydroxyquinoline; 
animal toxicity and absorption in man, Am. J. Trop. 
Med. 24:29, 1944. 

Hummel, H. G.: A critical appraisal of the newer ame- 
bicides and the results of treatment of amebiasis with 
di-iodohydroxyquinoline (diodoquin). Am. J. Digest 
*Dis. 6:27, 1939. 

Silverman, D. N. and A. Leslie; Toxic effects of diodo- 
quin, J.A.M.A. 128:1080, 1945. 

• AUSENICAtS 

Epstein, E,: Toxicity of carbarsone, J,A.M.A. 106:769, 
1936. 

Reed, A. C, H. H. Anderson, N. A. David and C. D* 
Leake: Carbarsone in the treatment of amebiasis, 
J.A.M.A. 98:189, 1932, 


•S3D3J 

ui sjuaddB pDB ajiq sqa ui sj asop aq; jo oopoBjj 

a3jBf V 'S^^P ^DBiu jo| auun aip ui paiBJjsuouiap aq ubd 
omasJB ?nq ‘uopBJ}SiaiuipB jajjB sjnoq o; fz «10J| sjnaoo 
uopaiaxa jbuiixbxu aqx 'SJnoq ^a; b uiqjiAi auun aqj ui 
sjBaddB ojuasiB ‘auiuiBuaqdsjB jo uoj^oafai atp SuiMopoj 
•sajiiadoid SnpBiujt sji jo asnuoaq Xjsnou 
-aABijni papafui aq pnui ‘subs mniposip puB -onoui aq^ 


pt«(S|t 40 |S» i(]aiiuij»p (ou sinujo)* 


^uasiowtia 

HO HO HO 



IV— !9 *V »»v 


•vuiuieu9q4«ie i*a|is •U!uJou»g4tJ9>in5 



JO ajnjxiui B JO Suj^siisuoo ‘aoiinjos paztmjBqiB aqx ‘Snip 
aqi JO uopBjidpaJd JBjnasBABjjai ui sjpsai uopnios pioB 
JO uoipafui aouis ‘aujiBqjB apBui aq jsnui Snap aqj jo suop 
-njos ‘uoipafut ajojag ‘jjbs apiJOjqoojpXqTp ajqnjos aqj sb 
papqjBUi uopBJBdajd pjojiirisXaoimas v sr aniuiBuaqdsjy 




gaTi n irt>n 3 TTfTg TIT 




346 


Antisyphilitic Drugs 


body and by his own observations on the differential stain- 
ing capacity of various dyes.” From these experiments he 
conceived the idea of devdoping drugs which are specifically 
attracted to the pathogenic organism rather than to the 
tissues of the host in the hope of exerting a toxic effect on 
the invading organisms without affecting adversely the 
tissues of the host. Ehrlich applied the term “chemorecep- 
tors” to those hypothetical groups in the parasite responsi- 
ble for fixation of the drug and expressed the relative tox- 
icity of the drug to the parasite and to the host as the 
“chemotherapeutic index.” This term is still retained to 
express the ratio of the minimum effective dose to the maxi- 
mal tolerated dose, ^ 

It should be pointed out that Ehrlich’s work in developing 
new antisyphilitic agents was greatly aided by three con- 
temporary advances in the field of sypbilology, namely, the 
transmission of syphilis to experimental animals by Metsch- 
nikoff and Roux in 1903, the discovery of the causative 
agent, Treponema pallidum by Schaudinn in 1905 and the 
development by Wassermann in 1907 of a blood test for 
syphilis. Finally, the lecognilwn by Hata, the Japanese 
chemist who collaborated with Ehrliii, of the incorrectness 
of the accepted structural formula for atoxyl, an organic 
arsenical introduced in 1904 for the treatment of trypano- 
somiasis and relapsing fever, led to the determination of 
its real nature and to the synthesis of related compounds,' 
culminating in the development of the arsphenamines. 

ARSPHENAMINES 

Arsphenamine (salvarean, 606, old arsphenamine) was 
the six hundred and sixth of a series of compounds pre- 
pared by Ehrlich and his associates. After its spirocheto- 
cidal action was demonstrated, Ehrlich named it salvarsan, 
"saviour of mankind,” When manufacture was commenced 
in the United States during World War I, the drug was 
officially designated as arsphenamine. 
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Antisyphllitic Drugs , 

The treatment of s^rphilis with the arsphenamines usually 
requires weekly injections for a period of from 6 months 
to 2 years. Many patients fail to complete such a schedule. 
Consequently, the intensive treatment methods, using the 
arsenoxides or penicillin, are proving increasingly more 
popular. The arsphenamines are too slowly detoxified by 
the body to be used in these procedures. ^ 

Neoarsphenamine (neosalvarsan, 914) was also devel- 
xoped by Ehrlich. It differs from arsphenamine in that it 
can be used immediately after solution in water. However, 
solutions oxidize even more rapidly than those of arsphena- 
mine, hence they should be injected within 20 minutes. 
Neoarsphenamine is alwa}^ injected intravenously. It is 
somewhat less active than arsphenamine and somewhat 
higher doses and a more prolonged period of treatment are 
usually necessary. 

Sulfarsphenamine was introduced into the United States 
in 1922 by Voegtiin and Johnson. It is acid in reaction, 
about as active as neoarsphenamine, and is extremely resist- 
ant to oxidation by air. It can be injected intramuscularly, 
which IS of particular value in the treatment of children. 

Silver arsphenamine was developed in Germany by 
Kolle. It is of the same order of activity as neoarsphena- 
mine. It is less likely to produce toxic reactions but argyria 
may result from its long-continued use. It need not be 
alkalinized before use but solutions must be injected within 
20 minutes since they deteriorate both by oxidation and 
by precipitation of the silver by the carbon dioxide in the air. 

Bismarsen (bismuth arsphenamine sulfonate) is a water- 
soluble organic preparation containing approximately 13 per 
cent arsenic and 24 per cent bismuth. It was prepared by 
Raiziss in 1927. It must be administered intramuscularly 
since it is very toxic when given intravenously. It is a rela- 
tively weak and slow-acting drug but is of value when 
intravenous medication -is impossible or contraindicated. 
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ministration of the drug. Severe cases may be followed by 
complete collapse and death. Epinephrine is a great help 
in combatting this reaction and may on occasion be life- 
saving. 

The Jarisch-Herxheimer reaction may appear from 2 to 
3 hours after the injection is completed. It consists of an 
intensification of secondary eruptions and, in late syphilis, 
may occasionally result in death by coronary occlusion, by 
asphyxia in cases of gumma of the larynx or by cerebral 
hemorrhage. The reaction may be avoided by preliminary 
treatment with small doses of arsphenamines or by prepara- 
tory treatment with bismuth or mercury preparations and 
potassium iodide. 

The arsphenamines can produce almost any form of 
dermatitis, due in part to overdosage and in part to sensi- 
tization. Desensitization in these cases is not successful and 
should never be attempted since minute amounts of any of 
the organic arsenicals can cause a recurrence. The most 
severe reaction is exfoliative dermatitis. Another reaction 
is known as “erythema of the ninth day.” It occurs witbin 
the first 2 weeks after the first injection of arsphenamine 
and is characterized by erythema, malaise and a rise m 
temperature. 

Blood changes are severe though relatively infrequent 
complications during the administration of arsenicals. They 
are due to depression of the bone marrow and include aplas- 
tic anemia, granulocytopenia and thrombocytopenia. Jaun- 
dice may occur during the course of treatment. In some 
cases, this has been proved to be due to infectious hepatitis, 
transmitted by improperly sterilized syringes. Toxic en- 
cephalopathy is a rare but serious complication of arsenic 
therapy. Gastro-intestinal upsets are frequent and many 
patients complain of a garlic or ether odor following injec- 
tion of arsphenamine and neoarsphenamine. It can be 
avoided if the patient holds his nose and breathes through 
bis mouth. 
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Oxophenarsine is a pure chemical compound available ia 
crystalline form. It is relatively unstable even in the dry 
state, decomposition being accompanied by a brownish dis- 
coloration and an increase in the toxicity. It does not re- 
quire alkalinization. It must be given intravenously. It is 
ten times more active than aisphenamine but less toxic in 
therapeutic doses. It is detoxified more rapidly than ars- ' 
phenamine and is sometimes administered at more frequent 
intervals. 
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Oxophenorsine DichlorophenorsJne 

The toxfc reactions following the use of oxophenarsine 
are, in general, similar to, though Jess frequent than, those 
following the arsphenamines. The Herxheimer reaction is 
likely to occur more frequently and be more serious than 
with the arsphenamines but the nitritoid reaction is seldota 
seen. Pain in the arm frequently occurs, due to spasm of 
the injected vein. 

The greater effectiveness of oxophenarsine and the rapid- 
ity of its action have led to the aimost exclusive use of this 
■ compound in the intensive arsenotherapy of syphilis. This 
mode of treatment consists of continuous intravenous ad- 
ministration or repeated injections at frequent intervals 
over periods varying from 5 to 20 days. The shorter periods 
of treatment are accompanied by a higher incidence of 
untoward reactions. The so-called *'I-day treatment” con- 
sists of intensive chemotherapy and fever therapy over 24 
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Anti^hilUic Drugs ^ 


Bismuth. Bismuth preparations were introduwd for the 
treatment of syphilis in 1921 by Sazerac and Levaditi. They 
are relatively weak spirochetocides and are usually us«J 
alternately with the nrsenicals to prevent cumulative poison- 
ing by the latter. ' 

A great number of bismuth preparations are on the 
market. These differ pharmacologically only in respects 
attributable to the different rates of absorption of the 
element from the site of injection. The usual dosage is 
equivalent to 100 mg. of bismuth per week. 

Toxic effects with bismuth compounds are rare and seldom 
call for discontinuance of the drug. Stomatitis, diarriiea, 
albuminuria and dermatitis may occur. Usually after sh or 
more injections of bismuth, a blue line appears on the gums 
and may e.xtend to the buccal mucosa. While this may be 
cosmetically undesirable, ft is of no serious significance and 
does not justify discontinuation of treatment. All bismuth 
preparations are much more toxic intravenously than fntra* 
muscularly. Furthermore, accidental intravenous injections 
of the oily preparations present the danger of formation of 
pulmonary emboli. If an artery is penetrated, a local arterial 
embolus may develop. -Oral bismuth preparations include 
sobisminol and bislrimate. 

Mercury has been used in the treatment of syphilis since 
1495, but its toxicity is high. Before the introduction of the , 
less toxic bismuth preparations, mercury preparations were 
used in conjunction with arsenlcah. Now, however, they are 
only used topically for prevention of infection, calomel oint- 
ment being the most efficient prophylactic agent available. 

Sodium or potassium iodide are useful adjuncts in the 
treatment of late syphilis. The iodides seem to promote 
resolution of the gummatous lesions, thus exposing the 
spirochetes to the action of other drugs or to the natural 
defense mechanisms of the body. The use of iodides is, 
however, still empirical. 
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Sobisminol mass N.N.R. 
lodobfsmuthite sodium N.N.R. 

Sodium potassium bismutby] tartrate N.N.R. 
Thio-bismol N.N.R. (sodium bismuth thioglycollate) 
Mercuric salicylate 
Mercury benzoate NJN.R, 

Mercuric oxycyanide N.N.R, 

Mercuric succinimide N.N.R. 

Solution colloidal mercury sulfide NJ^.R. 
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INTRODUCTION 

QUININE 

QUINACRINE 

CHLOROQUINE 


PAtUDRINE 

PAMAQUINE 

PENTAQUmE 

PREPARATIONS 


INTRODUCTION 

The chemotherapy of malarfa dates back to the seven* 
teenth century when Jesuit missionaries observed that the 
Peruvian Indians treated fevers with decoctions of cinchona 
bark. Until 1926 extracts of cinchona bark or its alka- 
loids remained the only specific means of treating malaria 
despite the attemptSi of German chemists during World 
War I to produce a S 3 aithetlc substitute. Subsequently, 
however, they introduced both pamaquine and the more 
useful quinacrine in 1926 and 1932, respectively. No fur- 
ther advances were made In the field until World War II, 
when the loss of quinine supplies from the Dutch East 
Indies and the alleged toxicity of quinacrine led to a vast 
program of experimental and clinical research on anti-^ 
malarials by American and British scientists which advanced 
our understanding of the treatment and prevention of malaria 
and culminated in introduction of three new drugs : chloro- 
quine, paludrine and pentaquine. 

The three most important species of plasmodia capable 
of infecting human beings are P. jalciparum, P. vivax and 
p. walariae, the causative agents of malignant tertian, 
benign tertian and quartan malaria, respectively. The first 
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tabolism alternate to those interruptable by the drug in the 
erythrocytic forms, or by their lacking the ability to con- 
centrate the drug from the surrounding medium in effective 
amounts. Experiments with avian malaria have shown the 
existence of pre-erythrocytic forms of the parasites (cryp- 
tozoites), as well as other types of exo-erythryocytic forms, 
but these have never been conclusively demonstrated in man. 

QUININE / 

Quinine is the chief alkaloid fn cinchona bark. It was 
first isolated by Pelletier and Caventou in 1827 and has 
recently been prepared synthetically but the procedure is 
economically impractical. The metabolism and the thera- 
peutic effectiveness of the four predominant cinchona alka- 
loids — quinine, quinidtnc, cinchonine and dnehonidine— is 
essentially the same except for the slightly greater rate of 
degradation of dnehonidine in the human body with r^ 
sultant lower blood concentrations. A relatively crude prep- 
aration of cinchona bark, containing all four of these alka- 
loids, is available under the name “Totaquine." It has 
no advantage over the pure alkaloids except its lower cost. 

Quinine is rapidly absorbed from the gastro-intestinal 
tract or from intramuscular injection. It may be used 
intravenously if given slowly and in high dilution. Intra- 
muscular injections may be followed by painful sterile 
abscess formation, and cardiovascular collapse has resulted 
from its intravenous use. Therefore, it should be given by ' 
the oral route unless the patient is moribund or for some 
reason unable to absorb the drug. 

Animal experiments indicate that quim'ne is distributed 
very unevenly in the body. The liver, spleen, lung and kid- 
ney concentrate the drug in highest amounts. The blood, 
muscle and nervous tissue retain relatively little of it- 
Plasma and red blood cells contain approximately equal 
amounts, but the white blood cells concentrate the drug 
to from two to ten times the plasma value. Urinary excre- 
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tion, or by syncope if it is given intravenously. When given 
by mouth, gastric irritation may be severe, leading to nausea 
and vomiting. This is best controlled by giving the drug 
after meals. 

Quinacrine is rapidly absorbed from the intestinal tract 
and is stored in the tissues for a considerable period. Distri- 
bution of the drug in the body is very uneven, more or less 
paralleling that of quinine except that blood and plasma 
concentrations are very low. Suppression of the early signs 
and symptoms of the disease is usually obtained with a con- 
centration of 25 ng. of quinacrine per liter of plasma, requir- 
ing the daily administration of 0.1 Gm. of quinacrine hydro- 
chloride. Since the concentration of this drug in the white 
blood cells is several hundred times that of the plasma, 
analyses obtained with whole blood are apt to give mislead- 
ing results. 

Quinacrine is a cumulative drug. Less than S per cent 
of the administered drug is excreted, although traces of the 
drug can be found in the urine for I or 2 months after the 
last dose. Quinacrine is deposited in the skin and nails, 
persisting for weeks or months after discontinuance of the 
drug. This slow excretion and metabolism account for the 
accumulation of the drug in the body during a period of 
continual administration and explain the necessity for large 
initial doses in order to achieve full suppressive or thera- 
peutic effects as early as possible. For the treatment of an 
acute attack, usually 1.0 Gm. of quinacrine hydrochloride 
is given in divided doses the first day, followed by 0.3 Gm. 
per day for 6 days. 

Quinacrine is remarkably free from serious toxic effects, 
although it may produce several minor or subjective symp- 
toms. The yellow pigmentation of the skin, due to the 
deposition of quinacrine or its metabolites and not to 
jaundice, is cosmetically undesirable. Gastro-intestinal up- 
sets with nausea or vomiting and diarrhea, are noLuncom- 
mon. Manifestations of alleigic reactions may be encoun- 
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pressive drugs, full suppression of the disease being not 
ordinarily obtained for 3 or 4 days after treatment is begun. 
The usual therapeutic dose is 100 mg. per day; however, 
doses of 1000 rag. produce no sings or syrtiptoms of toxicity. 

Paludrine is readily absorbed following oral administra- 
tion. About one third of the dose is excreted through the 


NH-C — NH — C— NH-CH 


il 

NH 


II 

NH 
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bile and the intestinal mucosa and appears in the feces. 
A smaller amount is excreted in the urine. The drug is not 
cumulative mth ordinary doses; however, weekly admiais- 
tration of the drug seems adequate to suppress infections. 
Like quinacrine and chloroquine, it is a curative agent in 
/*. falciparum infections but is without effect on the relapse 
rate in P. vtvax infections. Hawking has shown that palu- 
drine per se is inactive ; it is converted in the body to an 
unknown metabolite which is the active antimalarial agent. 
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Pamaquine was introduced by Fischl in 1926 as the result 
of the study of thousands of compounds in experimental 
avian malaria. The chemotherapeutic index of this com- 
pound, in birds indicated that it would be a most valuable 
and safe drug; unfortunately, it proved to possess unex- 
pectedly high toxicity in mammals, including man. It found 



p osop 9 UIES aq; n^qi ‘OApoc ajora oit-Sb |iBq pm? ‘gaoi sb 
jpq ?noqB sr sombBjuad jo asop u?aj2 y '(9U‘ilti%) aumb 
-Biusd sj sanSoiBUB asaqi jo Sujsjuiojd ^soui aq; ‘juasajd'iv 
•auinbBiuBd jo jaMod OApBjnD aqi ureiaj iqgjui qaiq^ ,033^ 
oreo? ssai b jo; qojBas aq; ni pa;sa; puB pazisaqiuXs naaq 
oABq aninbBuiBd o; papjaj spanoduioa jo spajpunq Xtrej^ 


C 'n-^ho-^ 

=H0,/ 

HO 


HO-^HO-^HO-^HO-N-H 



aNinOviNad 


HO 


’sanSojBUE 

Si; ;o auo jo auinbBiuad Xq paoBidaj Xpiajduioo gq 
amnbBuiBd pqi uiBiJao mou S| ll ‘aumbBiuad ;o asoqi sb 
auiBS aqi XqBjiuassa aiB aumbBUBd jo siuoiduiXs o;xoi puB 
aSBsn ‘uoTiajoxa ‘uisqoqBiaui XjBipauwaiui ‘uopdJosqB aqx 
suoipajui xvata 'j ui uoiidb aAiiBjno Xub Suissassod 
auo X;uo aqj aurnbBjuad ;o XjaAoosrp aq? jijun puB ‘ 2 njp 
isjy aqi sbm it ssaiaqpaAau pq 2njp aqi ;o asn siqi luaAajd 
01 SB snouas os Xipnsn ajB paonpojd os sioaya oixo; aqx 
•auiumb qiiAi uoipunfuoo ui puB sasop q 3 iq XisnojaSuBp 
UI uaAiS SI 1; uaqM suopoajoi xvata ut aiBj asdBjai aqi 
SaijaMo; ui paya aiiuyap b aABq 01 sjBaddB auinbBiuB^ 
qojiuoD XjBii;nu japun sb qons ‘saouBis 
-ui aJBJ UI idaoxa iBOpoBjduii si aanpaooid siqi ‘ajqissod 
XiiBDipjoaqi qSnoqijv 'asBasip aqi ;o pBajds aqi inuq 
aiojajaqi puB sjoioaA oimbsoiu aqi ;o uoipajui aqi luaAaid 
ppoM BOJB uaAiS B uiqiiM sSuiaq UBUinq papa;ui [|b ui Snjp 
aqi JO asn aAipaya aqi ‘snqx 'ubui ui asBasip aqi jo uoiib 
-nuiiuoD puB suioidiuXs aqi joj aiqisuodsaj aJB qanjAi suijoj 
pnxasB aqi isuibSb aAipayaui ajB qoiqM sasop oixopoa 
X[aA;iB[aj ^avo[ ui paya [uppoiaiuBS jBqnoad b SBq 1; aours 
‘bijbibui jo spadsB qijBaq-Dqqnd aqi ui ‘jaAaMoq ‘asn amos 


L9£ 


aurabBUTBj • 




368 


Antimalanal Drugs 


pamaquine. This improvement in the chemotherapeutic 
ratio is sufiicient to make the drug a most useful addition to 
our list of antimalarial agents. From 40 to 80 mg. of penta- 
quine monophosphate is the daily dose; the lower amount 
almost never produces toxic symptoms and is very effective 
in producing a complete cure in old cases of P. vivax infec* 
tions which have been kept under control with one of the 
suppressive drugs. 

Pentaquine is always used with quinine. It has now been 
demonstrated experimentally as well as clinically that there 
is a definite synergistic response to the administration of a 
combination of these drugs. Pentaquine is always given by 
mouth and it is rapidly and completely absorbed from th® 
intestinal tract. It is not a cumulative drug but the nature 
and extent of its degradation in the body is not known. Only 
small amounts are excreted. The usual course of treatment 
is 14 days. A second or third course may be necessary in 
recent heavy infections. 

The toxic symptoms of pentaquine include abdominal 
pain with nausea and anorexia, anemia, leukopenia, fever, 
cyanosis due to methemoglobinemia, and jaundice. Acute 
intravascular hemolysis, long, persistent postural hypoten- 
sion and syncope may occur at dosage levels of 180 mg. of 
pentaquine monophosphate per day. There is some evidence 
of a synergism in toxic action with the development of 
agranculocytosis when pentaquine and the sulfonamides are 
used concurrently. 

PREPARATIONS 
Quinine bisulfate U.S.P. ; B.P. 1 Gm, 

Quinine bisulfate tablets U.SJ*. 

Quinine dihydrochloride U.S.P.; B.P.- 1 Gm. 

Quinine hydrochloride U.S.P.; B.P. 0.6 Gm. 

Tablets of quinine hydrochloride B.P. 0.6 Gm. 

Quinine sulfate XJ.S.P.; B.P. 


■9t'6I 'OH’^iSI =-imEN 'soiumb jo SAjujAuap anoq 

«'BJ9UI tJ }0 X;i3lXOi pUB X)Ull)3C IBUBlBlUHUy 'SuilWf) 

’K :a pnB‘ii9iiUB3 -AY'^^HPIO "Hi 'k ‘’a ‘a ‘Xaspjj 

'im ‘60^:651 

‘oj;rA ui 3 uupn]Bd jO uopcAijay -'a ‘-Suij^avbjj 

'SWI ‘iOZ-S2 'dciailx 
•jadxg 75 *f ‘auwoBumb jo X^pixoj aiuojn^ 

;X4aAiB3 -Q ’H uospK -y 'V ‘‘O 'O ‘HSnTizu^ 
7fr6l ‘S€S 5 S? 'HdXs 73 •^Buuaa' 
•qojy 'sipoidoji snuEjd uatjDii pDidAy :’0 ’H ‘-^^png 

•zi^ers^ • z 'idaa ‘K ^uuy •$ ‘n 

•jjng ‘amumb puB outiqejB 30 uosuBduioo y cBucpm 
mnJBdniBj' puE xbaia }o s^dej^b ajnoB jo juamjcajj^ 

-f puB wSbjx 'M ‘uojsjibh 'O *N "E ‘d ‘SuBg 
*(^t’61 ‘[I®J ‘ssaid nt) uopsSpsaAui ‘uq^ •£ 

JO jaqmnu ppads ‘amnbBiusd pue auupnpd 'auinb 
-Oiopja ‘auuoBumb uo saipnjs |Ba;uip uo sjaded jo sauag 

AHavaoonaia 

*u »0 50*0 oi 520*0 ‘d’a auinbcureg 
•JEinosniB . 

-BJjai ‘vao I'O o» 50*0 'd'a ajBuoqdjinsauBqjaui aujjDEdajq 

•sjaiqt} ‘§01 

001 pue OS ^Il^nsn 'd'S'n siaiqe; apuoiqaojp^auinBum?) 

'^o ro 'd'a 

aprioiqaoipXq uuaBdajq 'd'S’Xl apHOxqaojpjSq amxjBum^) 

•sjai 

-qBj -Sxn oOf P«^ 002 ‘ 02 I 'd'S’Il sjaiq^i auinbEjax 

•sainsdBo 

•Sin OOS pa^ 002 *021 ^ll^sa ‘d'S'n sainsdBD aumbBjox 
•uiQ 9*0 ■spioiBqiB Buoxpnp 
aiqBzjiiBjsXio snojpXquB jujoj jo juaa jad 08 pnB qi uaaMj 
-aq puB autojnb snojpXqtre juao jad oi trcqi ssa^ ion Soi 
-UIB1U03 spioiBqiB Bnoqonp jo -ajnjxiui y *d‘S'n aombBjox 

•sjaiqBi -uif) 

e'O pire 2-0 ‘zro ^ll^sn ‘d'S'n spiqBi ajBjins-amum^ 


69S 


saopBJBdajg 




370 


Antinialarial Drugs 


KeJsey, F. E., F. K. OWham and E. M. K. Ceiling: 
Studies on antimalarial drugs — the metabolism of qui- 
nine and quinidine in birds and mammals, J, Pharma- 
col. & Exper. Therap. 85: 170, 1945. 

Loeb, R. F. : Activity of a new antimalarial agent, chloro- 
quine (SN7,618), J.A.M.A. 130: 1069, 1946. 

Loeb, R. F. : Activity of a new antimalarial agent, penta- 
quine (SN13,276), J.A.M.A. 132:321, 1946. 

Most, H., C. A. Kane, P. H. Lavietes, I. M. London, E. F. 
Schroeder and J. M. Hayman : Combined quinine-plas- 
mochin treatment of vivax malaria: Effect on relapse 
rate, Am. J. M. Sc. 212 : 550, 1946. 

Oldham, F. K., and F. E. Kelsey: Studies on antimalarial 
drugs — the distribution of atabrine in the tissues of the 
fowl and rabbit, T. Pharmacol. & Exper. Therap. 83: 
288, 1945. 

Schaffer, A, J., and R. A. Lewis : Atabrine studies in the 
field: 1. The relation of serum atabrine level to break- 
through of previously contracted vivax malaria, Bull. 
Johns Hopkins Hosp. 78:265, 1946. 

Wiselogle, F. Y.; A Survey of Antimalarial Drugs, 
1941-1945, Ann Arbor, Mich., Edwards, 1^6. 



■sjaaSc 

opnadcjaqiomaip laBj^dait 9J0ta naAa ppi/C oj papadxa aq 
iCtJin ssajSojd jaqijn; pm; s3rup oaijdb pus m9u p stsaqpXs 
aqj joj aiqisaodsai uoaq SA^q sauoaq; m3u asaqi ‘sasra 
pappsi M3J B ui -sSiup asaqi p noipc p msiucqoam 
aqi Snipu^sjapun ui aptmi uaaq scq ssajSojd s’lqBjapis 
-no3 osp mq paonponuj uwq spaSc oipadciaq) pBuoduiT 
puB Aiau XuBiu 9Atq Xjuo lo^q 'pidBi uasq 9Atq XdBjaqi 
-ouiaqD piiaptq jo ppq 9qj ui s^uamdopAsp ‘segi aauig 
•suisjueSjo-ojoiui aijiSBJBd xajduioa 9joui 9qj sb Xppjduioo 
SB XdBisqiouiaqo o; paodsai oi papadxa aq j9A9u ppoo ‘ajq 
JO suijoj 9[duijs XpApBiai Sopq ‘Bijapeq pqi Xqdosopqd b 
dn pcq sjuaSB puapBqpm; 9AipB joj qojBas 

9qi m ssaoons jo qaBj aqx P^d! JO aqj 9 duis 

XdBJ9qioui9q3 jo Xpnjs oqj oj snpduit jb9i pig 9qj-9ABS 
sSnip apiinBnojins aqj jo Xjiaijdb sqj jo Xj9A03stp 9qx 

‘aoTUi m 

SUOlpajUt IB03030jd9JJS DpXpUIdq JB5U9UIU9dX9 UT P9g9 aAlj 
-Bino 9iqBqjBai3J b 9ABq oj seal ut Xijbs ^Sbuioq Xq UAioqs 
SBAi puB ZUI pazisoqjuXs uasq pBq qoiqAi ./ipoinoid,, 
gnjsaXp paoanouuB XpuaDoi aqj jo uisjioqBpuj XiBipam 
•J9PI 9q? JO Xpnjs B oiojj p95pS9J gnipqg siqx 'Si6\ ut 
ootiBJX ni XiojBJoqBi s,nB9ajnoj[ ni sjanojaix aqj Xq p9AJ9s 
-qo jsjq SBAV spiuiBjniBjins jo Xjiaipb piJSjoBqpuB aqx 

NOiioaaoHXNi 

SNOIlVaVdSHd 

saoinvNoains snozNvnaosiH aiozviHiviins 

amzviavdins NoiionaoaiNi 

S9pitUBUOJjn§ 

65 





370 


Antimalarlal Drugs 


Kelsey, F. E., F. K. Oldham and E. M. K. Gelling: 
Studies on sntimalarial drugs — the metabolism of qui- 
nine and quinidine in birds and mammals, J. Pharma- 
col. & Exper. Thcrap. 85: 170, 1945. 

Loeb, R. F. : Activity of a new antimalarial agent, chloro- 
quine (SN7,618), J.A.M.A. 130:1069, 1946, 

Loeb, R, F.: Activity of a new antimalarial agent, penta- 
quine (SN13,276), J.A.MJV. 132:321, 1946, 

Most, H., C, A. Kane, P. H. Lavietes, I. M. London, E. F. 
Schroeder and J. M. Hayman: Combined quinine-plas- 
mochin treatment of vivax malaria: Effect on relapse 
rate, Am. J. M. Sc. 212 : 550, 1946. 

Oldham, F. K., and F. E. Kelsey: Studies on antimalarial 
drugs— the distribution of atabrine in the tissues of the 
fowl and rabbit, J. Pharmacol. & Exper. Therap. 83: 
288. 1945. 

Schaffer, A. J., and R. A. Lewis : Atabrine studies in the 
field: 1. The relation of serum atabrine level to break- 
through of previously contracted vivax malaria, Bull. 
Johns Hopwns Hosp. 78:365, 1946. 

Wiselogle, F. Y.: A Survey of Antimalarial Drugs, 
1941-1945, Ann Arbor, Mich., Edwards, 1946. 



aqj IBqj ;u3p|A3 XiSutseajDni Sutmo^q si ‘ajouiiaqijnj 
•2njp gq; jo osn luanbasqns uiojj ^psaj timaoi; jo nuad 
•oj^ojnucjS sjnoB ‘iCjww ojom ‘jo XiiApisuasojoqd ‘sDqsu 
uiqs XqaJsqM, uoipuaj p a<LCj aiSjajii? tre jo ^aauidojOAap 
aqi oj pBai Xbui sSnjp apituBnojps aq; jo asn panbajj oo) jo 
apuiuiijosipui 'dauB^STSSH padopAaQ uoijezptsuag 
•paqiiosajd are sSiup asaq> aiojaq papad aqj jo 
uopBuiuiBxa injajco joj Xiissaaau aqj uo paaaid aq ^ouusa srs 
-Bqduia qaniu oox puaped oj luapad mojj osfB ^nq ‘aaq^oua 
o; uoipajut auo uioj| Xjuo iou Xjba Xeui apimsiioj[ns a 
p aDioqa aqj ‘snqx *Snjp lunpiAipui qasa qjiM suopacaj 
oixo? aiqissod p uopujapisuoa ispads ^ubjjbm o; s3njp 
asaqi p Xipixo; aq; m uopnuBA papgjns osp si aaaqx 
•Snip aq; p uopaiaxa jo 9 ;bj aqi puB suiapjd anssp pus 
pooiq uo uQpdjospa Xq uopBAipBut ‘Xpoq aip jo sanssp 
gq; ui uopnquprp 'sionpojd oijoqBjaui s;t put Snip gq; 
p X^piqnps SB sjopBj qons uo XpSiBi ;napuadap sr spunod 
-moo asaq; p ssauppsn pojuip aqi ui sgouaaagip ‘Xipuj^ 
•aaimBiqi qiiAi auizBipBjps puB ‘upBiu qjiM. auipiaXdB;|ns 
‘uiABpoqiJ qitAi apzBjqjBjps ‘ajdmBxa joj ‘sb ‘suopoBaa 
opBmXzua ui „sai|pqBi3ui ppuassa,, jatpo qijAi Sapaduioo 
Xq XippoB aqi appuaiod Xbui sdnoa§ Snpmpsqns asaq; 
‘puooag 'PP® opzuaqouiuiB-d o; ‘SDpspaiOBJBqo uoipziuo] 
p piodpuBis aqi mojj ‘popuapi XpBau aaoui st pimod 
-uiOD Supinsai aqi iBqi dnoaS ppB aqi p sopspapBJBqo 
aAiiBSauojiDap aqi pajp os ajnoapiu aqi p uoipod apiuiB 
pioB aqi UI suopniiisqns ‘isiij 'sXBiiA jBaaAas ui pauiBidxa aq 
Xbui sapiuiBuojps aqi Suoure XiiApOB ui suopBiiBA aqx 
•sapimBuopns aqi Xq papajp 
-un aiB JopBj qiMoaS v se ppB oimBmiSiXojaid aain^a 
qoiqAi smsiuBSJO-ojoiui uiBiaao pqi paAiasqo uaaq SBq ij 
‘sisaqiodXq siqi p uopBpuBisqns uj •sioanoduioo sq uiojj 
ppB oimBiniSiXojaid jo sisaqioXs aqi aq iqSrui sapiurenoj 
-ps aqi Xq paiiqiqui si ippM uopoBaj aqi iBqi papaSSns 
SBAi IJ ‘piOB oiozuaqouiure-d sutbiuod it iBqi poid aqi poB 
‘piDB ’oTmBinjSjXojaid jo ampniis jBOjmaqD aqi p nopsp 


£1? 


uoipnpojiui 




372 


Sulfonamides 


Mechanism of Action. The sulfonamides are active bac- 
teriostatic agents in Infections produced by a variety of 
bacteria, including hemolytic streptococd, meningococci, 
gonococci, pneumococci, staphylococci and S. influenzae. 

Soon after the discovery of the antibacterial activity of the 
sulfonamides, it was found that the extracts of bacterial 
cultures, or yeast, contain a substance capable of neutral- 
izing the effect of these drugs. This substance was shown 
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by Woods in 2940 to be p-aminobenzoic add. Tie dose 
structural relationships between these two compounds 


suggested a possible mechanism of action. If it be sup- 
posed that p-aminobenzoic add is an “essential metab- 
olite,” i.e., required by the cell for its continued growth and 
multiplication, then the presence of sulfanilamide or one 
of its derivatives in the media would tend to block, by 
competitive inhibition, the reaction utilizing p-aminobenzoic 
add. It has since been shown that p-aminobenzoic acid is 
required for the growth of certain micro-organisms and is 
present in most, if not all, living cells. Following the eluci- 
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inadequate use of one of these drug? in a given infection | 
tends to result in the appearance of a strain of the infecting ^ 
organism which is resistant to further treatment with the I 
drug and which is also frequently possessed of even greater ; 
virulence than the original strain. For these reasons, the , 
use of the sulfonamides either in the local treatment of 
wounds and bums or for routine prophylaxis is to be con* 
demned. 

Certain strains of generally susceptible bacteria are found 
to be less sensitive than others to the action of the sulfona- 
mides. In some cases, these may be examples of developed 
resistance, while in others, where there is no possibility of 
previous exposure of the bacteria to the drug, the resistance 
must be natural, not acquired. The detection of sulfona- 
mide resistance, and an approximation of its magnitude, can 
be made in the laboratory, and such tests should be made in- 
all cases in which the drug fails to suppress the infection 
within 3 or 4 days of adequate administration. 

Metabolism, With certain exceptions, the sulfonamides 
are rapidly absorbed when given by mouth. These drugs 
are all relatively insoluble in water but for parenteral 
administration the sodium salts may be used.' Highly con- ^ 
centrated solutions may be so obtained but the high alka- ^ 
Unity (pH 10 or above) makes them too irritant except for 
intravenous use. 

In order to exert a maximal effect on the invading organ- 
isms, the decision to use one or more of the sulfonamides 
in a given case should be implemented by the administra- 
tion of a large “priming” dose in order to more or less 
saturate the body with the drug. This should be followed 
by regular day and night doses at whatever intervals may 
be required to maintain a relatively constant concentration 
of the drug in the blood and tissues. The size of the initial 
dose and the frequency of maintenance dosfe will vary 
acr ording to the rate of excretion of the drug. This is 
reflected by the blood concentrations of the drug which can 
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with the drug in order to alkalimze the urine. Clinical 
experience, however, has shown that easily tolerated amounts 
of bicarbonate do not actually influence the acidity of the 
urine sufficiently to affect the solubility of the drugs. In 
practice, maintenance of a large volume of fluid output is 
the method of choice. The volume of urine excreted per day 
should be kept over 1,500 cc. This may be difiicult to obtain 
in moribund patients, in patients with diarrhea, or in very 
warm climates. Recently the practice has been introduced 
of giving two or more of the sulfonamide drugs at the same 
time, since a saturated solution of such a mixture contains 
considerably more sulfonamide than a saturated solution 
of either drug alone. 

The only chemical changes that are made in the sulfona- 
mide molecules l^o any extent by the body are referable to 
the p-araino group. This may be esterified, usually with an 
acetate group, resulting in the formation of an acetylsulfon* 
amide. This is of practical Importance because the acetyl 
derivative is without therapeutic effect, yet its solubility 
in urine may be either more (e.g., acetylsulfadiaxine) or 
less (e.g., acetylsulfathiazole) than that of the parent com- 
pound. The degree of acetylation varies from one species 
of animal to another as well as from one drug to another. 

Toxic Effects. The sulfonamides are one of the most 
important groups of therapeutic agents but they are not 
without serious toxic potentialities. In addition to the possi- 
bilities of drug sensitization and kidney damage already 
discussed, there is a group of minor or moderately severe 
signs and symptoms which may occur but which do not call 
for stopping further administration, as well as a group of 
more severe signs and symptoms which demand immediate 
measures as well as a careful evaluation as to whether the 
.disease or the drug presents the greater hazard to the 
patient. In the first group are nausea and vomiting, with 
or without stomatitis, abdominal cramps, flatulence or diar- 
rhea ; dizziness, psychoses, ocular and au^tory disturbances, 
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with the drug in order to alkalinize the urine. Clinical 
experience, however, has shown that easily tolerated amounts 
of bicarbonate do not actually influence the acidity of the 
urine sufficiently to affect the solubility of the drugs. In 
practice, maintenance of a large volume of fluid output is 
the method of choice. The volume of urine excreted per day 
should be kept over 1,500 cc. This may be difficult to obtain 
in moribund patients, in patients with diarrhea, or in very 
warm climates. Recently the practice has been introduced 
of giving two or more of the sulfonamide drugs at the same 
time, since a saturated solution of such a mixture contains 
considerably more sulfonamide than a saturated solution 
of either drug alone. 

The only chemical changes that are made in the sulfona- 
mide molecules ^o any extent by the body are referable to 
the p-amino group. This may be esterifled, usually with an 
acetate group, resulting in the formation of an acetylsulfon* 
amide. This is of practical importance because tbe acetyl 
derivative is without therapeutic effect, yet its solubility 
in urine may be either more (e.g., acetylsulfadiaaine) or 
less (e.g., acetylsulfathiazole) than that of the parent com- 
pound. The degree of acetylation varies from one species 
of animal to another as well as from one drug to another. 

Toxic Effects. The sulfonamides are one of the most 
important groups of therapeutic agents but they are not 
without serious toxic potentialities. In addition to the possi- 
bilities of drug sensitization and kidney damage already 
discussed, there is a group of minor or moderately severe 
signs and symptoms which may occur but which do not call 
for stopping further administration, as well as a group of 
more severe signs and symptoms which demand immediate 
measures as well as a careful evaluation as to whether the 
disease or the drug presents the greater hazard to the 
patient. In the first group are nausea and vomiting, with 
or without stomatitis, abdominal cramps, flatulence or diar- 
rhea • dizziness, psychoses, ocular and auditory disturbances, 
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Sulfathiazole is fairly evenly distributed in the body tis- 
sues with the exception of the cerebrospinal fluid, where the 
concentration attained is only 10 per cent that of the blood. 
The high activity of orally administered sulfathiazole in 
meningitis suggests, however, that penetration of the drug 
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is somehow increased when the meninges are infected, as 
has been shown in the case of penicillin. 

In man, the amount of sulfathiazole in the blood and 
in the urine in the acetylated form is from 10 to 30 per cent. 
From 60 to 80 per cent of the total unacetylated drug pres- 
ent in the plasma may be adsorbed on the plasma albumins. 
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centrations of from 60 to 80 per cent of the blood level. 
The concentration attained in the tissues is approximately 
equal to that of the blood. From 1 to 20 per cent of the 
blood sulfadiazine is acetylated and from 20 to 40 per 
cent of the urinary sulfonamide is acetylated, indicating 
partial tubular reabsorption of the free drug. About half 
of the sulfadiazine present in the blood is adsorbed on the 
plasma albumins. Excretion is complete after from 48 to 
72 hours. 

Although acetylsulfadiazine is more soluble than acetyl- 
sulfathiazole, the relative solubilities of the parent com- 
pounds are reversed (see Table 7). The chief disadvan- 
tage of sulfadiazine is this low solubility, since it favors the 
production of concretions in the kidney. A large number of 
compounds have been synthesized and studied in an attempt 
to find one retaining the high effectiveness and low toxicity 
of sulfadiazine but with a greater solubility. These re- 
searches have been partly successful, but the problem b 
actually of little importance as long as a large fluid output 
can be maintained. 

All the toxic manifestations of the sulfonamides, as a 
class, have been reported following the use of sulfadiazine. 
Although the incidence is quite low, several deaths have 
been reported in the literature and precautionary measures 
should be taken with every patient receiving a long coarse 
or a relatively high dosage s^edule. 

MISCELLANEOUS SULFONAMIDES 

Thousands of compounds have been synthesized for study 
in this field. Some have had brief periods of popularity in 
the past and are now almost completely discarded. Others 
are still in an investigative phase and may well supplant 
the currently used ones as further experience is gained. The 
compounds discussed in this section are examples of both 
categories. 
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slowly excreted, thus giving higher and more prolonged 
blood levels and need only be given at 8- rather ^an at 4- 
or 6-hour intervals as is the case with sulfadiazine. 

Sulfamethazine (sulfadimethyldiazine) is almost identi- 
cal in its action to sulfamerazine except that its solubility 
in acid urine is even greater. Neither of these methyl deriva- 
tives has received nearly as much clinical trial as sulfadia- 
zine, but there is some evidence that, despite their greater^ 
solubility, kidney damage may occur. 

Sulfapyrazine is an isomer of sulfadiazine. Its absorption 
from the intestinal tract is limits. With small doses, almost 
complete absorption occurs while larger doses do not give 
proportionately higher blood levels, thus affording an auto- 
matic safety mechanism against pverdosage. The activity 
and toxicity of sulfapyrazine approximates that of sulfa- 
diazine. 

Sulfacetamide is used as a urinary-tract antiseptic. Ab- 
sorption and excretion are rapid and complete. Since tubu- 
lar reabsorption Is negligible, high concentrations are easily 
obtained fn the urine with relatively low, nontoxic doses. 
The antibacterial activity is not as great as that of sulfa- 
thiszole in equivalent concentrations; however, the hfeb, 
safe concentrations readily obtained with sulfacetamide 
(from 50 to 100 mg. per cent) are as effective, if not more 
so, than the lower safe concentrations of sulfathiazole (from 
5 to 10 mg. per cent). 

The drug is about fifteen times as soluble in water as 
sulfathiazole and about one hundred fifteen times as soluble 
as sulfadiazine ; consequently, intrarenal precipitation does 
not occur. Furthermore, sulfacetamide has the advantage 
of being sufficiently soluble even in acid urine to permit its 
use with such acidifying agents as may be desirable to main- 
tain the necessary degree of urinary acidity for optimal 
antibacterial action. 

Sulfaguanidine was introduced in 1940 by Marshall and 
bis associates as an intestinal antfeeptfe. Its absorption from 
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tion which are amenable to both is frequently difficult to 
answer. The chief advantages offered by the sulfonamides 
are oral administration, a slightly longer history of success- 
ful clinical use and considerably less expense. The anti- 
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biotics offer the advantages of generally greater activity 
with negligible toxic effects. Both classes of drugs have 
been introduced too recently to permit a complete and final 
evaluation of their relative merits. 

preparations 

Sulfathiazole U.S.P. 2 Gra. 

Sulfthiazole tablets U.SJ*.; BJ*. Usually 300 mg. and 500 
mg. tablets. 

Sulfathiazole sodium U.SJ*. ; B.P. 2 Gm. 

Sterile sulfathiazole sodium U.SJ*. 2 Gm. intravenous. 
Sulfadiazine U.S.P. ; B.P. 2Gm. 

Sulfadiazine tablets U.S.P.; B.P. Usually 300 mg. and SOO 
mg. tablets. 

Sulfadiazine sodium U.S.P. ; B.P. 2 Gm. 

Sterile sulfadiazine sodium U.S.P. 2 Gm. intravenous. 
Sulfanilamide U.SJ*. ; B.P. 2Gm. 
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agent in the filtrates. In 1940, Florey and Ms associates 
were able to produce stable preparations of penicillin by 
sterilizing a neutralized filtrate and were thus able to pro- 
ceed with more extensive experimental laboratory and 
clinical investigations. Meanwhile, in 1939, Dubos in the 
United States demonstrated antibiotic activity in culture 
fluids obtained from certain soil bacteria and in 2942 
Waksman announced the first of a series of antibiotics to be 
isolated in his laboratory from various aclinomycetes. 

It is of interest to rec^l that in 1922 Fleming noted that 
a bacteriocidal substance which he named "lysozyme" was 
present in the tissues and secretions of animals and in egg 
white. This substance was later studied as a possible 
chemotherapeutic agent by Florey and his associates but 
was found to have little activity in vivo. Fortunately, their- 
studies on penicillin proved more fruitful and the success- 
ful clinical trials with this substance in 1941, together with 
the stimulus provided by the demands of war, led to a rapid 
development of this newest field of chemotherapy. 

Antibiotics are highly selective in their action ; hence the 
nature of the infective organism should always be deter- 
mined in order that the most effective antibiotic may be 
used. It is also essential that the antibiotic be administered 
in adequate dosage since resistant strains may develop 
during the course of therapy if submaximal doses are used. 
There is considerable variation in the ability of various 
strains and species of micro-organisms to develop resistance 
to antibiotics as well as variation among the antibiotics 
concerning their ability to foster the development of such 
resistant strains. This is illustrated by the data in Table 
8. After thirty transfers into media containing progres- 
sively higher concentrations of the antibiotic, a strain of 
gonococcus increased its resistance to a point where the 
bacteria could tolerate three hundred fifty times the orig- 
inal maximum tolerated concentration of penicillin. How- 
ever when streptomycin was used in place of penicillin, only 
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PENICILLIN 

Penicillin is obtained commercially from the molds Pefti- 
cilliim notatum or P. chrysogemim by a variety of proce- 
dures. The rapid development of the large-scale production 
of penicillin is a tribute to the co-operative efforts of the 
English grdup of workers with a number of governmental, 
university and commercial laboratories in this country. This 
involved not only continued improvements in the technical 
aspects of production of this mold metabolite but also in the 
search for the most suitable strains of PenicilHum and even 
the creation of new strains by artificial mutation to inaease 
the yield of the drug. 

Chemistry. Penicillin is now known to exist in several 
forms which differ chemically in the side chains attached to 
the basic nuclear structure. These are identified in the 
United Slates as penicillin F, G, K and X. In Great Britain, 
penicillins F, G and X are known as penicillin I, II and III 
respectively. The four forms have approximately equal bac- 
teriostatic activity when tested in vitro. However, penicillin 
K has very little chemotherapeutic activity in vivo. This is 
thought to be due to the greater adsorption of penicillin K 
on serum and tissue proteins, the adsorbed fraction being 
inactive against most, if not all, organisms. This inactiva- 
tion by adsorption e.vpiains both the relative ineffectiveness 
of penicillin K in vivo and also the lower blood concentra- 
tion obtained with a given dose of this penicillin type, since 
by biologic assay only the active penicillin is measured. 
Low recoveries may also be obtained in in vitro tests when 
serum or tissue proteins are added to the media. The recog- 
nition of the comparative inactivity in vivo of penicillin K 
has served to explain a number of disappointing results in 
penicillin therapy, since some of the earlier commercial 
preparations were shown to have contained appreciable 
amounts of this penicillin. 

The penicillins are organic acids. On acid hydrolysis, 
they yield several degradation products, including a d-amino 
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the selective destruction of penicillin in cultures of pharma- 
ceutic preparations, or of infected fluids such as blood or 
pus from patients under treatment. ' This is a necessary 
prerequisite for demonstrating the absence of penicillin- 
sensitive micro-organisms since the organisms will not grow 
and hence cannot be detected in the presence of the 
drug. Furthermore, assay of the penicillinase content of 
infecting organisms may be of value in explaining or detect- 
ing penicillin-resistant forms of a usually sensitive species 
of bacteria. 

Metabolism. The sensitivity of penicillin solutions to acid, 
coupled with the high content of penicillinase of the intes- 
tinal bacteria, produces erratic results when penicillin is 
given by mouth; hence, during the period when the use of 
penicillin was restricted, the drug was administered only 
parenterally. With abundant supplies now available, the 
convenience of the oral route has favored its more extensive 
use and a number of procedures have been utilized to im- 
prove the absorption of penicillin from the gastro-iptestlnal 
tract. Since penicillin is sensitive to alkaline solutions as 
well as to acid, simultaneous administration of sodium 
bicarbonate or similar alkaline agents is of no value in 
protecting the drug from destruction. However, approxi- 
mately 20 per cent absorption may be obtained if the peni- 
cillin is given admixed with a buffering agent such as sodium 
or calcium citrate, magnesium hydroxide or an aluminum 
preparation. Some success has also been obtained with 
enteric-coated capsules and with penicillin-in-oil for oral use. 

Maintenance of optimal blood concentration is advisable 
for adequate control of systemic infections. This requires 
frequent administration of the drug, since penicillin 'is rap- , 
idly excreted by the kidnQrs. Methods for continuous intra- 
venous or intramuscular infusion have been devised and 
may be used in severe infections. The drug is, however, 
most often given intramuscularly in aqueous solution at 
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intrapleural injections of penicillin is usually prompt, and 
since the drug does not readily diffuse out of the cavity, 
injections need only be made at 24- or 48-hour intervals. 

While there is some evidence that penicillin can penetrate 
the cerebrospinal barrier in meningitis, intrathecal injections 
of penicillin are generally administered in this condition to 
insure adequate concentrations of the drug reaching the 
causative organisms. Such injections, however, may be 
accompanied by unusual toxic symptoms such as convul- 
sions or syncope. 

Penicillin finds wide use in the local treatment of boils 
and carbuncles and other localized infections when it can 
be injected directly into the diseased area. The drug is not 
rapidly lost by diffusion and local concentration remains 
high. Dramatic improvement can be e.xpected in from 12 
to 48 hours, or not at all. 

Activity. The use of penicillin is especially effective in 
infections caused by grampositive organisms, including 
Staphylococcus aureus and albus, Streptococcus hemolytkus 
and viridans, pneumococci, Clostridia and Corynebacterium 
diphtheriae. Gonococci and meningococci are also suscepti- 
ble, but, in general, gram-negative forms are resistant to 
penicillin. Penicillin has given promising results in the 
treatment of early syphilis and because of its lack of tox- 
icity is probably the method of choice for the short-term 
treatment of this disease. However, final evaluation of the 
results of penicillin treatment of syphilis must await the 
completion of long-term studies on the permanence of cure. 
Penicillin appears to be effective in other spirochetal dis- 
eases, such as Vincentes angina, yaws and probably also 
relapsing fever. 

The average penicillin concentration required to inhibit 
bacterial growth in vitro may vary from O.Ol to 0.5 or 
more units per cc. In vivo, maximal results are usually 
obtained with blood concentrations of from 0.04 to 0.2 
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STREPTOMYCIN 

Streptomycin is an antibiotic substance formed by certain 
strains of the fungus Streptomyces griseus in a suitable 
media. It was first isolated by Waksman in 1944 and is 
now available in crystalline form. It is usually dispensed in 
a relatively pure slate as the hydrochloride or sulfate sail. 

For systemic use, streptomycin must be administered 
parenterally, since it is not appreciably absorbed on oral 
administration. Intramuscular injection is safer and as 
effective as intravenous. Pain at the injection site may be 
minimized by the addition of procaine to the streptomycin 
solution. 

Streptomycin is usually injected as a 10 per cent solution 
in isotonic saline or distilied water. The solution is rela- 
tively stable. The average dose is 0.4 Gm. of streptomycin 
repeated at 4-hour intervals. 

Streptomycin is readily absorbed following intramuscular 
injection. It is apparently excreted by glomerular filtration 
only and not by tubular excretion and tierefore remains 
in the blood stream for a longer period than penicillin. It 
does not diffuse readily into the cerebrospinal fluid. 

Streptomycin is effective against a number of gram-nega- 
tive organisms, including Escherichia colt, Pasteurella tula- 
rensis, Hemophilus influenzae. Pseudomonas aeruginosa, 
Bacillus proteus, Eherthella typhosa and Brucella abortus 
and melitensis. It appears to be of particular value in sul- 
fonamide- and penicillin-resistant infections of the urinary 
tract and is the most effective chemotherapeutic agent avail- 
able for the treatment of tularemia. Animal experiments 
have indicated its effectiveness in the treatment of tubercu- 
losis and prelimfnaiy resu/fs in human beings have been 
encouraging. 

If large doses of streptomsmin are administered over a 
long period of time, symptoms of vestibular disturbance 
including dizziness, tinnitus and deafness may occur. Milder 
toxic symptoms, which may be due to impurities, include 
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to be more effective on gram-negative organisms than grami- 
cidin but equally as toxic. Gramicidm-S, gramicidin and 
tyrocidin are all polypeptides. 

BACITRACIN 

Badtracin is an antibiotic isolated by Johnson, Anker 
and Meleney in 1943 from a strain of the B. subtilis group 
of organisms. It received its name because the bacillus was 
isolated from a compounri fracture in the leg of a young 
patient named Margaret Tracey. In vitro experiments indi- 
cated that it possessed bacteriocidal action largely against 
gram-positive organisms, though gonococci and meningo- 
cocci were also susceptible. In vivo, it proved active against 
hemolytic streptococcal infections in mice and gas-gangrene 
Jnfections in guinea pigs. 

Bacltradn has had as yet limited clinical trial. Recently, 
Meleney and Johnson have reported its effectiveness in a 
number of surgical infections which were resistant to peni- 
cillin and sulfonamides. It is apparently nontoxic and non- 
irritating when applied locally and its action is not inhibited 
by the presence of pus or micro-organisms. It is now being 
produced commercially so that further clinical studies will 
be forthcoming. 

Subtih’n, another antibiotic obtained from the B. subtilis 
group, was isolated by Jansen and Hirshmann in 1944. In 
addition to its in vitro activity against a number of bacteria, 
it has recently been shown to be active in vitro against 
Endanteba histolytica, Trypanosoma equiperdunt and Leish- 
mania dotiovani. Its activity is apparently due, at least in 
part, to its detergent properties. 

MISCELLANEOUS ANTIBIOTICS 
A number of other antibiotic substances have been tested 
for their therapeutic value. Some of these, such as pyocya- 
nine and pyocyanase obtained from Pseudomonas pyocya- 
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In 1929, the less toxic compound stibophen (fuadin, neo- 
antimosan) became available. This drug can be administered 
intramuscularly and injections can be given more frequently 
than those of the more toxic potassium or sodium antimonyl 
tartrate. Other trivalent antimonials include antimony thio- 
gJycolJamide and the more soluble and somewhat Jess 
toxic antimony thioglycollate and anthiomaline or anti- 
mony lithium thiomalate. Pentavalent antimonials include 
stibosan ethylstibamine (neostibosan) and urea stibamine. 
While relatively less effective than the trivalent antimonials 
in the treatment of schistosomiasis, they have given promis- 
ing results in the treatment of filariasis and leishmaniasis. 
In filariasis, the adult worm but not the microfilaria appears 
to be affected, hence treatment must be prolonged. 

Characteristic toxic effects of antimonials include saliva- 
tion, abdominal cramps, vomiting, a hard, unproductive ' 
cough, constriction of the chest, bradycardia, diaziness and 
collapse. There are often transient changes in the electro- 
cardiogram, the most dharacteristic being a decrease in 
amplitude in the T wave. 

GOLD COIMPOUNDS 

Gold compounds are used in the treatment of Lupus 
erythematosus and of rheumatoid arthritis. They were for- 
merly used in the treatment of pulmonarj'^ tuberculosis but ^ 
proved of doubtful value and high toxicity. Gold sodium 
thiosulfate (sanocrysin) is probably the most widely used 
compound. 

Gold compounds are administered intramuscularly or , 
intravenously. They must be used cautiously because of 
their toxicity, manifestations of which include skin reactions, 
gastro-intestinal upsets, blood dj^asias and liver and kid- 
ney damage. Small doses should be administered at first 
since many patients display an idiosynacrasy towards gold 

compounds. ^ 
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the preparations being active both in vivo and in vitro. 
The mode of action is suggested as being a depression of 
enzyme systems concerned with oxidative metabolism. 

DIAMIDINES 

The guanidine derivatives synthalin and synthalin B 
were tried in 1926 and 1928 for the treatment of diabetes 
mellitus because of their blood-sugar-lowering power. 
In 1P35 it was reported (hat these compounds were effcc* 
live in experimental trypanosomiasis and since tryano- 
somes were known to require relatively large amounts of 
glucose to maintain their growth, it was assumed the proto- 
zoiddal action of these compounds was due to their effect on 
the blood sugar. Since these two compounds were too toxic 
for practical purposes, however, a further series of guani* 
dines and diamidines were prepared and tested by Yorke 
and his colleagues. It was soon apparent that the chemo- 
therapeutic activity of these compounds was quite unrelated 
to their action on the blood sugar. The most suitable com- 
pounds for clinical use include stilbamidine (4-4'-diamidino- 
stilberte), propamidine {4-4'-diamidine-diphenoxypropane) 
and pentamidine (4-4'*diamidine-dipheno3typentane). These 
substances are as effective as tryparsamide or suramin m 
early cases of T. gambiense infections and have the advan- 
tage of being much less toxic. They are apparently also 
effective as prophylactic agents. However, they are of little 
value in cases wi^ central nervous system involvement. In 
the treatment of leishmaniasis, stilbamidine has been the 
most widely used of the diamidines. 

The diamidines have a marked bacteriostatic effect in 
addition to their antiprotozoal activity. This activity is 
reported not to be inhibited by the presence of pus or body 
fluids. Propamidine has been used for the local treatment 
of infected wounds or bums. It apparently does not inter- 
fere with wound healing if used in 0.1 per cent concentra- 
tion. It does not, however, affect Proteus or Ps. pyocyanea. 
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disagree as to its effectiveness. The active agents are thought 
to be the fatty acids known as chaulmoogric and hydno- 
carpic acids. Preparations are administered intramuscularly, 
since oral administration is usually accompanied by gastro- 
intestinal upsets. While cures have been reported following 
its use, some observers have maintained these have been 
obtained only in mild cases which occasionally heal spon- 
taneously. 

SULFONES 

A number of sulfones, including promin, diasone and 
promizole, have given promising results in the treatment of 
experimental tuberculosis in the guinea pig. They have 
been tried clinically in the treatment of tuberculosis and of 
leprosy but their effects have been hard to evaluate because 
of the slow progress of these diseases. The drugs appear to 
be more toxic in man than in guinea pigs. 
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disagree as to its effectiveness. The active agents are thought 
to be the fatty acids known as chaulmoogric and hydno- 
mrpic acids. Preparations are administered intramuscularly, 
iince oral administration is usually accompanied by gastro- 
ntestinal upsets. While cures have been reported following 
ts use, some observers have maintained these have been 
)btained only in mild cases which occasionally heal spon- 
aneously. 

SULFONES 

A number of suUones, including promin, diasone and 
iromizole, have given promising results in the treatment of 
xperimental tuberculosis in the guinea pig. They have 
leen tried clinically in the treatment of tuberculosis and of 
jprosy but their effects have been hard to evaluate because 
f the slow progress of these diseases. The drugs appear to 
e more toxic in man than in guinea pigs. 
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the prevention and modification of measles; human measles 
and scarlet fever immune sera obtained from patients con- 
valescing from measles and scarlet fever, respectively, and 
used in the prevention and treatment of these diseases; 
antibacterial sera, such as antipneumonococcic and anti- 
meningococcic sera, whtdi are obtained from the blood of 
immunized animals and which are believed to attack the 
pathogenic bacteria directly; and antitoxins, such as diph- 
theria, scarlet-fever, gas-gangrene and tetanus antitoxins, 
which are obtained from immunized animals and act by 
neutralizing the toxins of the invading organisms. Official 
preparations of vaccines and sera are listed at the end of 
this chapter. Details of dosage and administration may be 
obtained from the United States Pharmacopoeia or from New 
and Nonofficial Remedies, which also includes a number of 
nonofficial preparations. 

The injection of foreign serum may result in an anaphy- 
lactoid or allergic reaction known as serum sickness. Signs 
and symptoms include urticaria, edema, joint pains, high ^ 
fever and prostration. A more severe type of reaction de- 
velops in some patients who have previously received serum ^ 
and who have developed a sensitivity or in patients who 
are naturally sensitive to a given serum. Immediate treat- 
ment includes the injection of epinephrine or of one of the 
antihistamine drugs. In some cases, desensitization can be 
accomplished by repeated injection of small doses of the 
serum. 

PREPARATIONS 

Antimony potassium tartrate (tartar emetic) U.S.P.; B.P. 
0.03-0.12 Gm. intravenous. 

Sodium antimonyltarfrate B.P. 0.03-0.12 Gm. intravenous. 
Antimony-sodium-thioglycolate injection U.S.P. 0.05-0.1 
Gra. intramuscular or intravenous. 

\ Stibophen B.P.; N.N.R. 0.054-0.32 Gm. intramuscular. 
Etbylstibamine N.N.R. 0.05 Cm. intramuscular or intra- 
venous. 
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Smallpox vaccine U.S.P. Vaccine lymph B.P. 

Tetanus and gas-gangrene antitoxins U.S.P. Obtained from 
animals immunized against C. tetani, C. perjringens, and 
C. septicum toxins. 

Tetanus antitoxin U.S.P. ; B.P. 

Tetanus toxoid U.S.P.; B.P. 

Alum precipitated tetanus toxoid U.S.P. 

Typhoid and paratyphoid vaccine U.S.P.; B.P. 

Typhoid vaccine U.S.P. 

Epidemic typhus vaccine U.S.P. 

Yellow-fever vaccine U5.P, 

BIBLIOGRAPHY 


Antimoniais 

Brown H. W., N. D. Thetford; «th- 

ment of filariasis due “ 3*9*1946, 

ium antimony thiomalate. Am. J. Hyg. 4 • . . yg 

radioactive antimony following Lf Am J. 

tion to dogs infected with Dinolilaria immitis, Am. J. 

'anfb’'’M.’Buir ; Schistosomiasis-intensive 

with a new compound “Fouadin"; report on 2041 cases, 

Schr“ deVE^;. K i Rose and H. ffost : Effect of anti- 
^ many on the electrocardiogram. Am. J. M. Sc. ZI . 

Gono 

/.* . Tt I ‘ The use and abuse of gold therapy in 

^XuSafoid arSis, J.A.M.A. 128:848, 1945. 
Meiarsek 

n ■ The treatment of African sleeping sick- 
Weinman; D.. 1 trivalcnt arsenical PfPara'ions 

(melame? oxTde Ld 70 A). Am. J. Trop. Med. 26.95, 
1946. . 



, •■H-ei ‘r-8B 

•oos XoH •aojj ‘XSopjas jo AjninaD-jiEn y -'f ’H 
'Zf6l 's4apunBS‘BtiidppE]iiu*XdEJ3qioiu3q3 puE XdEjai^’ 
-oig ‘iCSoiounmuii Ihoiujo ‘T P«® ‘"V *X 

‘Si^I ‘8S2P6Z ^ouauiy m-io^ , 
'“HD "H ‘sasEasip a|qE3juniniuo3 uomuioo aiuos ^suieSe 
uoiiEziunuiiui aApay : jasioon *3 ’S P«b ‘’V 'Yl ‘^ojaQ’ 

vaag QNV szNiODVA 


•9WT ‘08Z:iEI -VWVr ‘ssiJasip ;^snuIBSns^ns^ 

ui piOE oioziiaqounuE-EJEd JO joagg :’y ‘Xauiaij^ 

■ ■ ■ •Zf.6i'^Z/i:iS'*aMn’:=H'q''d‘jtso-:(J3I 

10 juaiujEaii aqi ui jio EiSootuinEq^ *0 AaQa^ij 

nei ‘T9S : 08 ’p^w -jaiixa 'f 

'dnoj3 a sqj 50 sraui^tiA pm ‘spuong mmpos ‘ppE 

oiozU9qouimB-BJBd 'uilipmsa 'T ;3ETs;;aqDU snqdjC^ jo 

uouEDildijmni am uo sm»bai)de pus sjojiqiqui araXzns 
lo'pasa :s3n3EJOM 'A pm uopsqmj 'H "a ‘BPZO 

•9P6I ‘116 :zei ’VH’Vr '•>“=} P=M0ds 

ure;unow jCqooa 1° iraunEan pps DiozuaqouiuiE-EjEj 
:mo 9S 'O 'a P“' PP°i 'M. 'D ‘P«"OH 'AV 'f ‘‘a 'T ‘“iM 
■9t6I ‘PUI : lei 'VPl'Vf ‘snqd* (auuniu) ojuispus 
ui ppE jiozasqauimE-Eaed JO ssn aqi ; -jj ’a ‘qiimg 

cnoy oiozNaaoNiwvvHVji 


’9^61 ‘I -6^ 'Pm ’[ 'sssaasjp 
TBDidojj auios ui sasn aiinadEjam jpHl puE suoijoe iediSo 
.TOOEiuJEud iiaii; ;sauipiu»«!P »HX ''V ‘^S ‘H ‘sioamEaH 

‘sijuujJE pTojEiunaqi sjuaijEd ut sjeuj otjnadBaaqj 

Sui'pjESai ajou e qiiM sjuaiudojaAap ^uaaai jo XaAjns 
y 'rXdEjaiiJOiuaqa ui sauipiuiEip aqx '"d ‘3 ‘Siaquaso^ 
samoinviQ 


7^61 *98fr'S0T 30uaps 
‘spunoduiOD jEUEjytjuE jo ssEp Avau y .iqsESijj y 

puE “jf ‘^iiEA 'V ‘Suipana *3 ‘sjaiaj *3 ‘-Q *v ''PPNi 

saAaaNiMVAO 


•ofc^T ‘fiTT : Ot ‘f -msMaoie ‘suiajoad aaqjo puE EuisEid aqj 
WAX Snip aqj }0 uoiiBuiquioo aqx 'g— (S02 "^^3 5 
-uy UTiuEjns uo sajpnjs : ‘V 'K ’H 

NiKvaas 


gif' 


XqdEaSoiiqta 



X 


siv 

fZZ 

'■ OZI areoi 

SI ‘ai^nns 
1ZT-6TI ‘JO aotjduosap 
CCt 'SZl ‘aurorB^aiidniv 
28X ‘tnnraoairav 
IZX Biaoarcnv 
X6-06 ‘amjXdonimv 
UX-Cll 'aoruXqdoaraiv 
9IC ‘auipuatomniv-S 
962 ‘S62 ‘m ‘S9Z ‘SPP^ omrav 
Ztl ‘921 ‘SZl ‘TI ‘asapno auraiv 
801 ‘anopimv 
21 ‘non 

-BpossV irapnaMOutqj amaamv 
81 ‘aopTOossv T^aipaW nrauamy 
81 ‘non^nossv Fl«aci uMpatoV 
see ‘sisBiqamv 

8^8 ‘JO suopewdaid 

frve-see ‘JO uopeJaasap 
f 6T€ ‘sappeqatav 

SVl 't»iC3«w ciptotuy 
fl ‘a^wntv 
612 

612 ‘pS ai^qdsoqd 
612 'appoJpXq ainapnntv 

822 ‘raniV 
862 'loisqdoaoi-tqdtv 
121 'a«!iaqoi-«qdiv 

222 ‘aoiV 
022 ‘St-Z ‘'rexonV 
SSI ‘J° ‘sai^ianv 

K)2 '89 ‘aanV 
I2e ‘simiv 

021 ‘jaawiwJi ‘araojqa ‘tosnoqoaiv 
028 ‘iXdoidosi 
028 'loqoaiv 
^58 *wno?o**qiV 
261 ‘nroinq 

561 ‘anmoq 'mainqiv 

918 ‘paqiV 
2SX ‘ssairpisjiv 


16 ‘}o Tiopdxttsjp 
822 ‘sKoxitDoitnrei3v 
S9t-+9I ‘S3uo3Xiav 
062 'stsXjMtd ‘surjiSv 
222 ‘jtSv 

anuqdatnd^ aas ‘mpaajpy 
2S2 

‘jo A^esr^ ‘saopwdajd paipoa 
tt2 'sptjjxa x3yo3 
SS2 ‘«H03 
6^2 'iniMpv 

81 ‘(saip 

-aniaH paidasay) •'aa v 

292 ‘J31PV 
9S2 ‘jo sraojdoiKs 
952 'astasrp s.uosippy • 
628 ‘tnnanB snopnuad Treiaortppy 
t02 ‘stmoqx ‘uosjppy 
VLZ 

‘pi0JiCq> aqx Jo ‘TOiOTTpiBSOuapy 
822 'poareqa pai^Apay 

STS 'auiA^gpoy 

9U-tie 'saAp-BApap aunnjay 
2SI ‘xrenuajiav 

128 ‘sppv 

861 ‘eisoppv 
602 ‘48 ‘Pia« fn^arpsi-^wy 
S2I ‘astaaxsa 

IH '0VI-6CT '92t ‘SZI ‘axrnotpi^jaaV 
£02 'rotraipAqiXnaqd 
26 

-16 'jo uopdmsap ‘arpnaaaqdomv 
2 t 8 ‘anoai^aav 
26-16 ‘jo oondpasap 'piinrejaav 
8 X 'JO nopduosap 

' ("a’Cr V) saipatna^ Fpiaa psidaaay 
208 ‘npoiqv 
i-62 ‘SS2 'aopioqv 
0V2 ‘882 ‘nnaptjpioqv 
808 'S92 *2SI ‘9-S ‘fr'T W>^ ‘PqV 
V 


xspui 


416 


Index 


Atayl nitrile, 171 
Amylocaine, 67 
Amytal, 74 
interview, 74 
Analgesia, 36 
Analgesics, 86-96 
antipyretic, 86-96 
salicylates, 87-90 
Anamirta panicvlata, 114 
Anaphylactic shock, 269 
Anaphylaxis, 157 
Androgens, 249, 251 
standardization of, 251 
therapy, 251 
Androsterone, 251 
Anemia, 22-23,329, 339 
acute heiBoIytitv 377 
aplastic, 350 
. macrocytic, 203 
pernicious. 158, 200-203 
Anemic anoxia, 53 
Anesthesia, caudal, 59-60 , 61 
closed system, 39 
combination of, 48 
curare, 50-52 

cyclopropane, use of procaine, 67 
definition of, 36 
field block, 58 

historical development, 36-37 
infiltration, 58 
use of proc^e, 67 
Inhalation of, administration, 39- 
48 

injection, 58-61 
intradural, 58 
intravenous, 48-50 
miscellaneous agents, 48 
nerve-block technics, 58 
oxygen therapy, 52-54 
peridural, 58 

postoperative measures, 45 
preanesthetic medication, 41 
preoperative preparation of the 
patient, 45 
rectal, 50 


Anestberia {continued) 
refrigeration, 68 
regional, description of, 57-70 
saddie-bloct, 61 
signs of, chart, 40 
spinal, 58, 59 

spinal, hyperbaric solution, 59 
bypobaric solution, 59 
isobatic solution, 59 
stages of, 39-M 
analgeaa, 39 
delirium, 39 
respiratory paralysis, 40 
surgical, 39 
theory of narcosis, 38 
topical, 58 

Aneslheric agents, 45-43 
biological assay, 62-63 
chemistry of, 64-65 
comparative toxidty, 62 
L.D so, 63 
local, chart of, 57 
metabolism, 64 
regional, 61-63 
Anesthetic ezplorions, 44 
Anesthetic preparations, 63, 69 
Anesthetics, desirable properties of, 
44 

general, preparations of, 54-55 
inhalation, comparative charac- 
teristics, 42-43 
Aneurin, 286 
Aogier, 202 

Angina pectoris, 170, 171 
Angina, Vincent's, 345 
AniUne, 92 
Anker, 398 

Anoxemia, see Anoxic anoxia 
Anoxia, description of, 53 
stagnant, 53 ‘ 
symptoms of, S3-S4 
Anoxic anoxia, 53 
Antagonism, iOustrations of, 12-13 
Antergan, 158-159 
Anterior fobe 
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Atropine, 41, 52, 127, 142, 148 
poisoning, 108, 152 
used In arrest of secretions, 151 
Autonomic drugs, 12S-1SS 
action of, 126 
preparation of, 136-137 
Auricular fibrillation, 167, 169 
Auricular flutter, 169 
Avertin, 37, SO 
Aroman, 117 


Badllu! brevu, 397 
Badtradn, 389 
description of, 398 
Bacteriocides, 313 
Bacteriostats, 3X3 
BAL, 349, 351 
overdosage, 351 
Baldoni, 4 
BAL'glucoslde, 351 
Baljet reaction, 169 . 

Banting, 265 
Barbital, 72, 74 
Barbiturates, 72-73 
antidotes, 74-75 
clinical uses, 74 
dosage, 73 

intermediate action, 74 
long action, 74 
pharmacology of, 73 
preparations of, 82-83 
prescription of, 75 
short action, 74 
toxicity, 74-75 ^ 

dermatologic lesions, 75 
' dosage, 75 
ultra-short acUon, 74 
Barbituric acid, chemistry of, 72 
Barger, 157, 271 
Barium sulfate, 306 
Barium sulfide, 306 
Barker, 173 
‘‘Basal anesthesia, 45 
Basal narcoas, 45 


Bayer, 205, 405 

Beefsteak, use in pemidous anemia, 
201 

Bell, Blmr,' 237 
Belladonna alkaloids, 148 
Benadryl, 160 
Bentonite, 223 
Benialkonium chloride, 322 
Benzedrine, see Amphetamine 
Benzestrol, 253 
Benzoic acid, 321 
Beriberi, 285, 288 
Best, 265 

B.D.H. 312, 52 . 

Bernard, Claude, 4, 5, 38, 50, 174 
Best, 157 

Beta-carotene, 284 
Betanaphthol, 332 
Beta-eucaine, 67 
Betel nut, 145 
Bier, 66 
Bietcr, 63, 405 
Bile salts, 220 . 

Biliary colic, 172 
Biliselectan, 308 
Binr, Carl, 4, 5 
Bioassay, see Biologic assay 
Biochemical antagonism, examples 
of. 12 

Biologic assay, 21 
official U.S.P. methods, 21-23 
Biologic toxins, 310 
Bisroarsen, 347, 348 
Bismuth, 354 

arsphenamine sulfonate, 348 
iodide, 340 
salts, 306 

subcarbonate, 223, 341 
subnitrate, 223, 341 
Bitters, 224 
Black tongue, 118, 288 
Blackwater fever, 363 
'’filood, I89-19S 

derivatiyes of, 189-195 
dyscrasias, 349 
preparations, 



tri-cn 

‘s^ UKii i ui.n s ‘raa^sX* snoAJoa 

09C ‘£11 ‘S ‘no;u3AT3 
61 'ZZ6I pv uo^joa 3n«"o 
T9 ‘09 ‘6S 

*jo aondussap ‘BtsaqTsauB itpn«3 

zzz-nz '8“!r” 

ZZZ ‘auawjqiuB 
£ZZ-OZZ 's31V«qT«D 
‘sujsai otri^n’BD 

£sz ‘"isz 

6££ 'ZZZ ‘Z ‘n® 

£0Z ‘ZOZ-IOZ ‘=ns^D 
ZZZ‘0!«K> 

2ZZ ‘tJtosej 
9^ ‘J3T«D 

‘rnnannoJ^D 

^ZZ ‘saAjTwrauBO 
giT 

i9I-S9I ‘saptsoaAS 
‘etnapa 

tS2 J® ‘TOioapJtO 

«£ 'sapunqio 
igj ‘tuXTSoqi«D 
52J ‘apjioppeiiai ooqito 
2^f ‘auosjtqieD 
Zfrl ‘annoqoiXoororeqieD 
Z^l *}o uopduasap 
9H 

tsr 

OSX ‘oi®apPS I® 

2TI 

-gix ‘XdEjaqr 3AisinAao3 m vsn 
IZI ‘ioq*J®K) 
tS£ ‘Toa®l®l® 
£ZZ 'WT ‘lamoT^O 
9iZ ‘061 ‘aiTOODniS 
6TZ ‘sJiBnoqiw 

OVZ-te: ‘an‘PI'3 
rez ‘I6Z ‘SLZ *i<«3iPi®o 
P^X ‘treaq jrqq^D 
6TI-«Il ‘JO aopdmsap 
P8X ‘awsHK) 

0 


9X‘aT'BipXqi ..'lAna 
gy ‘sT^ozuaqotmire 

8S ‘ai«3id UTsaTna 

8S ‘actw^na 
52 'airi s.qsng 
£££ ‘06T ‘JO TtnniT^aiT ‘suing 
85 ‘aaing 
03 ‘sapOMTK JO ntaing 
t9X ‘surxoTBjng 
f91 ‘smasjng 
5 ‘V ‘qd^opn^ ‘miaqqana 
893 ‘qsTua 
XXX ‘fr ‘japnB^'nojunaa 
fr'aiptua 
^Xl ‘jo 3sn ‘aopnia 
9X£‘3atuAOia 
4E3 ‘mocua 
25 'Xdoasoqauoia 

9^ ‘umds iTjOTqSQOia 

^5 ‘maxBqxqdinsraoia 
‘^‘oopuactoTOT apnnoiq ‘msinioja 
OS ‘loqranuua 
t££ 'unamoia 
8i ‘JO Xippo; 
n-U ‘JO nopduasap 
6t 'e3p<l8n'^*n'*® ‘ssppnoja 
gx-iT ‘JO xiondjias 
- 9 p Cja) tT 80 dea«au«qa qspug 
XSE ‘axxsmsi-pov qspiJa 

‘uipisoXpua 
ioz *pjo}p?ia 

-41 ‘(^odoaTOUBqa qspua) -ja 
ZEE ‘ojonoa 
6SX ‘x3Aoa 
XZE ‘pptouoa 
E “saopaia 

•as auuDoptia jo Xioaqj ‘napioa 3p 
V6£ ‘s^ioa 
fr'qaoa 
06l‘»dXi 
293 *}0 vtqa ‘jsSns 
S6l-68t ‘S3xmns'?"« 

' til ‘sinssaid 
{pmuftuoo) pooia 


eifr 


xapui 


420 


Index 


Cephailis ipecacuanha, 339 
Cervello, 76 
Cetaceum, 32 

Cetyl pyridinuiB, chloride, 322 
Cevitataic add, 290 
Chaikoff, 272 
Chaulmoogra oil, 407 
Cheilosis, 288 
Cbemorecepton, 346 
Chemotherapeutic agents, miscel- 
laneous, 403-413 
preparations o/, 410-412 
Chemotherapeutic index, 346 
Chemotherapy, 34S 
bacterial, 371 

Chenopodium ambrosioidet, 331 
Chenopodium, oil of, 331 
Chinofon,341,342 
ChrlsUson, Robert, 4 
Chloro>butanol, 76 
Chloral hydrate, 37 
description of, 7S-76 
toxic effects, 76 
Chloramines, 319 
Chloretone, 76 
Chloiarsen, 353 
Chloroform, description of, 47 
Chloroquine, 3S8, 365 
Cholecystagogues, 220 
Cholecystography, 220, 304, 308 
Cholecystokinen, 225 
Cholera, 409 
Choleretics, 220 
Cholesterol, 32, 164, 295 
Choline, 140, 283, 295 
derivatives, with parasympatho- 
lytic effects, 142-143 
esterase, 11, 125 
Chorea, 81 

Chorionepithelioma, 247 
Chorionic gonadotrojrin, 247 
Cinchona bark, 3S8 
Cinchonidine, 360 
Cinchonine, 360 
Cinchonism, 362 


Cinchophen, agranulocytoas, 91 
description of, 92, 93 
Cinhosis of the liver, 29S 
atrinin, 399 ‘ 

Clark, 237 
Clarke’s rule, 25 
Clavadn, 399 
Claviceps purpura, 234 
Claviform, 399 
Ch’ne, 286 
Cioetta, 4 
Clostridia, 394 
Coagulants, 283 
Cobefrinc, 128, 133 
Coca, 19 

Cocaine, 57, 87, 104 
•description of, 65-66 
toxic effects, 66 
CoceuJus indkut, 115 
CwJebe, 97 
description of, lOS-106 
Colchicine, 93 
Cofchicum, 2 
description of, 93 
Cckhkum oulvmnale, 93 
Colitis, amebic, 338 
CoUip, 275 

Colloidal solutions, 193-194 
Colocynth, 222 
Coma, diabetic, 268 
Convulsions, epileptic, grand inaJ, 
78 

petit mal, 78 
psychomotor attacks, 79 
Convulsive therapy, electrical, 117 
Cooper, 351 
Copper sulfate, 223 
Coramlne, 118 
Coming; 66 

Corpus luteum, 247, 254 
Corticosterone, 255, 256 
Coiyaabactetium djpbtheriac, 394 
Cowling’s law, 25 
Cred6, 318 
Cresatio, 321 
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Dihydroergotamlne, 236 
DihydrodesoxyiDorphiiie*D, IM 
Dihydromorphinone hydroddoride, 
106 

Dihydrotachysterol, 27ff 
Didodo-OTyquiaoUne, 342 
DModotiyosint, 272 
Di-isopropyl fluorophosphate, 144 
Dilantin, £0 

'Dilation, effect of anesthesia, 41 
Dilaudid, 97, lOS-106 
2-3 Dioiereaptopropanol, 3Sl 
DimethyhmlnoelhylbenrylanUine, 

159 

DimethylaBunoethyl benrilate etho- 
chloride, 149 
Dinitrophenol, £7 
Diodoquia, 341, 342 
Dlodrast, 307 
Dionln, 97, 105-106 
Dioscorides, 334 

Diphenhydramine hydrochloride, 

160 

Diphenythydantoin, description of, 
SO 

toxic effects, 80-61 
Diphtheria, 34, 31D, 395, 410 
Disinfectants, 314 
Ditbioglycerol, 349, 351 
Diuresis, 181 
Diuretics, 181-186 
preparations of, 186-187 
Dodds, 2S3, 323 
Doi^, 210 

Dolantin, see Isonipecaine 
Dolophine, lOS 
Domagk, 371, 381 
Donath, 286 

Dorpat, Uniwrsity of, 5 
Doryl, 142 

Dosage, calculation of for children, 
25-26 

Dover’s powder, 97 
Dragstedt, 219, 276 
Drastics, 221 


Dreser, 4, 106 
Dried yeast, 282 
Drisdol, 292 
Dropsy, 181 
Drug, drugs 
combinations, 12-13 
Metabolism, see Metabolism 
administration of, 25-34 
inhalation, 31 . 
local application, 31-34 
miscellaneous mucosa, 34 
nasal mucosa, 34 
oral, 26-2S 
oral mucosa, 34 
parenteral, 28-31 
rectal, 28 

application on skin, 33 
antiepUeptic, 78-82 
antibbtainlne, 156-162 
antimaUrial, 358-370 
antisyphilitic, 345-357 
preparations of, 355-356 
autonomic, 125-155 
choline derivatives, 140 
preparation of, 152-153 
control of, assay of synthetic 
chemicals, 20 , 22 
drug assay, 20-23 
histamine, 156-162 
injections, intra-arterial, 31 
istracardlac, 30 
intracutaneous, 29 
intradennal, 29 
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Intrathecal, 31 
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laws and regulatory agencies, 18 - 
20 
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poisoning, 236 
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Ethyl chloride, description of, 47 
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Ethylene, description of, 46 
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description of, 45 
first use, 37 , 
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Eucatropine, 149 
Eunuchoidism, 251 
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Federal Trade Commission, 19, 282 
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Ferriar, 164 
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Fibrin, 192, 193 
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Fischl,366 
Fischer, 72 
Fisher, 266 
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Flavoring agents, 26, 224 
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Helminth Infection, 328 
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Helminths, preparations of, 336 
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Hemolytic criris, 207 
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Hemorrhage, treatment of, 190 
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Henbane, 148 
Henderson, 46 
Henie, 4 
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Hepatic function, 304 
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infectious, 192 
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Herxheimer reaction, 352, 353, 395 
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Heubner, 4 
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Hoffler, 4 
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Hogan, 194 

Holmes, Oliver Wendell, 36 
Holt, 208 
Holtr, 275 
Homatropine, 149 
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Hookworm, 329 
Hormones, see Endocrins, 244 
adrenal-cortical, 164 
anterior pituitary, 245, 246 
gastro-intesUnal, 225 
intermediate-lobe, 261, 262 
neural-lobe, 261, 262 
sex, 164 

structural formulas of, 250 
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Kaolin, 223 
Karrer, 288 
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KendaU, 271 
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King, 51, 290 
Kloss, 207 
Knonr, 90 
Robert, 4 
Koch, 317 
Kolle, 348 
Roller, 66 
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KorsakoB syndrome, 287 

Kracke, 91 

Krantz, 48 
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Kubota, 157 
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Lactation, 282 

suppression of, 253 
LaitobacUlus casei, 203 
Lactochrome, 288 
Lactoflav’ji, 288 
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Laidlaw, 157 
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Landsteiner, 190 
Lawrence, 205 
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LCTcoi definition of, 13 
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Leake, 47 
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Leishmanial 403, 4CM, 406 
L,H., fee Luteinizing hormone, 247 
Lentin, 142 
Leonard, 321 
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Leukemias, chronic, 204-206 
lymphatic, 206 
Leukopenia, 204, 377 
LevaditI, 354 
Lewis, 157 

Lewisite, 351 ‘ 

Liebreich, 76 

Lillie, 38 

Link, 90, 209 

Lipase, 224 

Lipocaic, 276 

Lister, 313 

Liver, cirrhosis of, 182 
extract, 22-23, 200-201 
function test, 304 
source of vitamin B-colnpiex, 285 
Lobelia inflata Linni, 121 
Local anesthetic agents, chart of, 57 
Local anesthesia, see Anesthesia, 
regional 
Locock, 77 
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Loewi, Otto, 141 

Long, Crawford W., 37 

Lotions, 32 
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Ludwig, Carl, 4, 5 

Luckhardt, 46 
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Mcrthiolate, 31?, 318 
Mesantom, 81 
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10 

drug tolerance, 10-11 
"tbe cumulative effect,” 11 
excretion of drugs, 10 
in local anesthetic agents, 64 
intermediary metabolism of 
drugs, 10 

preceding operation, 45 
Metacresol, 321 
Metacresylacetate, 321 
Metaphen, 317, 318 
Metaplasia of mucous epithelium, 
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Metapon, 104 

Metastatic calcification, 292 
Metbacholine, 142 
description of, 140-142 
Methadon, description of. 108-109 
Methedrine, 119, 133 
Methemoglobinemia, 92 
Methenamine, 409 
Metbiodal, 307, 308 
Methionine, 295 
Methocboline, toxic ejects, 142 
Methyl, 333 
salicylate, 87 

Metbyldihydromorphinonc, 104 
Methylmorpbine, 105 
2-Methyl-naphthoquinones, 211 
Mcthylrosaniline chloride, 333 
Methyltestosterone, 2Sl 
Metraiol, llS-117, 269 
description of, llS-117 
Metschnikofi, 346 
Metycaine, 67 
Meyer, 4 

Meyer-Overton theory, 38 
Migraine, 174, 235-236 
Minkowski, 265 
Minot, 201 
Mitchell, 203 
Mitseberlieh, 4 


Morphine, 29, 41, 72, 86, ISI, 218 
addiction to, 103 
and allied drugs, preparation of, 
109-110 

bronchiolar constriction, 99-100 
clinical uses of, 100-102 
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description of, 97-107 ^ 
derivatives, 105-108 
effect on autonomic nervous sys- 
tem, 99’ 

effect on central nervous system, 
98 

effect on circulation, 99 < 

effect on eye, 99 
effect on intestinal tract, 100 
effect on urinary tract, 100 
pharmacology of, 98 
preceding operation, 45 
metabolism of, 100 
tolerance to, 103 
toxicity of, 102 
Moir, 234, 235 
Monacrine, 316 
Monosulfate, 316 
Moore and Roaf theory, 38 
Moranyl, 405 
Morgenroth, 362 
Morishima, 4 
Morton, 37 
Mosso, 4 

Mucoitin-polysulfuric-add struc- 
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Muller, Johaimes, 4 
school of physiology, 5 
Murphy, 201 
Muscarine, 127, 145 
Muscle spasm, treatment of, 147 
Mustard, 223 
Myanesin, 52 

Myasthenia gravis, 132, 144, 147, 
277, 362 
Mycocides, 313 
Mycostats, 313 
Mydriasis, 150 
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Metacresol, 321 
Metacresylacetate, 321 
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description of, 140-142 
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toxicity of, 102 
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Moore and Roaf theory, 38 
Morsnyl, 405 
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Morishima, 4 
Morton, 37 
Mosso, 4 
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MuUer, Johannes, 4 
Khool of physiology, 5 
Murphy, 201 
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Muscle spasm, treatment of, 147 
Mustard, 223 ^ 
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OmnopoQ, 98 

Ophthalmia, gononbeal neona- 
torum, 318 

Ophthalmology, 150, 304 
use of drugs in, 146 
Opium, 2, 19, 218,341 
alkaloids, 97 

Ojuum Advisory Committee, 105 

Optochin, 362 

Osteomalacia, 292 

Osteomyelitis, 30 

Oral administration of drugs, 27 

Or«,37 

OffiJa, 4, 5 

Ortal, 74 

Orthofona, 58 

Ouabain, 165 

Osophenarsine, 349, 351, 352 
toxic reactions to, 352 
Oxytocic hormone, 261 
Oxytodcs, 233-240 
preparations of, 241 
use in child birth, 235 
Oxygen therapy, 52-54 
Oxyuriasis, 333 
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PABA, 407 
Pal, 172 
Paludrine, 358 
description of, 365, 366 
pamaquine, 358 
description of, 366, 367 
use in vivax malaria, 367 
P-Aminobenzoic add, 372 
Pancreas, 245 

fat-free extract of, 276 
Pancreatin, 224-225 
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Papain, 334 

papaver somnifervm, 97 


Papaverine, 97, 172-173, 218 
Para-aminobenzoic add, 64, 282, 

■ 407 
Paracelsus, 2 
Paracentesis, 182 
Paraldehyde, description of, 76-77 
as rectal anesthesia, SO 
Parasympathomimetic drugs, 139- 
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Parathormone, 275 
Parathyroid, 274 
extracts, 275 
standardization of, 276 
Paredrine, 128, 133 
Paredrisol, 133 
Paregoric, 97 

Parenteral administration of drugs, 
28-31 

Parkinson’s disease, 251 
Paroxysmal dyspnea, 171 
Pastes, 32 
Pasteur, 313, 387 
Patulin, 399 
Pectin, 195 
Pellagra, 118, 266, ZS8 
Pelletier, 4, 5,113,340,360 
PeUetierine tannate, 334 
PenidUin, 314, 345, 348, 387 
administration of, 392-393 
chemistry of, 390, 391 
description of, 390 
metabolism of, 392 
standardization of, 395 
toxicity, 395 
Penicillamines, 391 
Penicillinase, 391 
Penicillittm chrysogenufn, 390 
notatum, 390 
Pentamidine, 406 
Pentaquine, 358 
description of, 367-368 
toxicity, 367-368 
Pentobarbital, 74 
Pentothal, 74 
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Posterior pituitary, 233, 237-239 
extracts, 24S 

hypersensitivity to, 264 

inJecUon, biologic assay of. 22 

standardization of, 264 
use in operations, 263 
Potassium, 182 
antimonyl, 403 
hypochlorite, 319 
permanganate, 320 
tartrate, 223 , ,, ,, 

Potentiation, definition of, 12-13 
Pregnancy, 282 
tests, 248 * 

Pregnandiol. 2SS 

Pregnant mares, serum of, 247 

Pfcgneninolone, 2SS 

preparaUoBs of amebacides, 343 
'anesthetics, S4-5S 
anesthetic, 68-69 
antibiotics, 399 
anllmalatlal drugs, 
auUpyrtllg 

a„tiaypbimicdrug>,3SWS6 

autonomic drugs. 136-137, 152 
153 

barbiturates, 82-83 
blood, 195-196 , 

chemotherapeutic agents, miscel- 
laneous, 410-412 

diagaostk agents, 309, 311 

ns“afcttg blood and 

‘ endocrins, 2S7 258 
heart drugs. 174-177 
helminths, 336 

histamines, 161 ,,,325 

110 

V oxytocics, 241 


Preparations of amebacides (cont.) 
stimulants, central nervous sys- 
tem, 121-122 

sulfonamides, 384-385 
vaccines, 409 
vitamins, 296-2W 
Prescription, 23 
adjuvant of, 23 
basis of, 23 
corrcetive of, 23-24 
description of, 23-24^ 
inscription of, 23 
signatura of, 24 
subscription of, 24 
superscription of, 23 
vehicle of, 24 
Pressor hormone, 261 
Priodax, 308 
Pfiscol, 136 
Privine, 133 
Procaine, 58, 130, 396 
description of, 66 
Progesterone, 254 
therapy, 255 
Progestbs, 249 
description of, 254 
standardization of, 255 
Proflavine, 316 
Prolactin, 246 
Promin, 408 
Prominal, 80 
Promizole, 408 
Prontosil, 371, 381 
Propadrine, 128, 133 
Propamidine, 314, 406 
Propyl cyclopropyl ether, 48 
Propylene, 320 
(f-Propyl thiouradl, 273, 274 
Prostate, cardnoma of, 253 
Prostigmine, 143 
Prolamine, 30, 269 
insulinate, 266 
-zinc insulin, 26( 

Protargol, 318 
Proteus, 406 
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Salicybtes, 87-90 
toxicity o/, 88 
Salicylic add, 87, 821 
Salicylic-add compoimds, 33 
Salicylism, 89 
Saline diuretics, 182 
Salvarsan, 345 
Salyrgan, 185 
Sanocrysin, 404 
Santesson, 4 
Santonin, 331 
Sail, 184 
Sazerac, 354 
Scarlet fever, 310, 410 
Schaudinn, 346 
Schaumano, 107 
Schick test toxin, 310 
Schillinger, 329 
Schistosoma, 327 
Schistosomiasis, 403 
Schizophrenia, 116, 268 
Schlemta, canal of, 150 
Schmidt, 116 
Schmiedeherg, 4, 145 
definition of pharmacology, 1 
influence on American pharma- 
cology, 5-fi 
Schwann, 4 

Scopolanune, 41, 148, 151 
Scott, 266 

Scurvy, S3miptoms of, 290 
Seasickness, lS2 
Seconal, 74 
Secretin, 225 

Sedation, preoperative, 45, 76 
Sedatives, 71-85 
Septiceirua, 318 
Senn, 204 , 

Senna, 222 
Sera, 409 

antimeningococdc, 410 
antipneumonococcic, 410 
preparation of, 410 
Sertumer, 97 
isolation of morphine, 3 


Senim, 191-192 
sickness, 410 
Sex hormones, 244 
classification of, 249-257 
Sharpey-Schaefer, 265 
9iock, anaphylactic, 287 
Shock treatment, mental disorders, 
268 

Silver atsphenamine, 347, 348 
Silver preparation, coHoidal, 318 
Silver salts, 318 
Shnonart, 141 
Simpson, James, 47 • 

Sinus tachycardia, 146 
Skiodan, 307 

Skin, application of dregs on, 33 
lesions, 285 I 

parasitic diseases, 332 
pyogenic infections, 333 
Skokstad, 203 
Sleeping sickness, 405 
Smallpox, 409 
SN7618,365 
SN 10,275, 361,362 
Snefl, 203 
Snyder, 101 
Soaps, 321 
Sobiminol, 354 
Sodium, 182 
antimonyl tartrate, 403 
bicarbonate, 193, 219 
citrate, 190 

Sodium debydrodiolate, 220 
Sodium fluorescein, 304, 305 
lactate, 193 
peroxide, 319 
resordnolphthalein, 304 
Sodium salicylate, 87 
tetraiodophenolphtbalein, 304 
Sodium thiopental, 46, 49, 74 
Spasm, gastro-intestinal, 150, 172 
Spasmophilia, 292 
Spies, 203, 288 

anesthesia, 58, 

Spirochetal ' ' 
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Sulfomnethaoe, 77 
Sulfonamides, 64 , 314 , 316 , 329 , 339 , 
371-386 

Suppositories, see Drugs, recta! ad- 
uusistratiozi 
Suramin, 405 
Swan, 142 

Sweet<IoveT disease, 209 
Swiclc, 307 

Sympatliin, 11, 125, 126, 132, 234 
S^rmpatiolytic drugs, 135-J36 
Sympathomimetics, 132-133 
ftToioes, 244 

Synergism, definition of, 12-13 
Qlustiations of, 13 
Synthalin, 406 
SyuthaJia B, 406 
Syntropan, 149 
SyptUis, 2, 34S-3S7, 394 
l-day treatment, 3S2 
tJtiUoeBt eS, 348 
Syphilology, 346 
Synipe, 26 

Systemic absoiption, 33 
drcuIatioB, 28 
Szent-Gyorgyi, 290 
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Tachycardia, S3, 272, 3Sl 
txttisystoUs, 170 
paio:^stiiaI, 168 
ventricular, 169-170 
Tachyphylaxis, 132 
Tannic-add, 341 
Tapeworms, 328, 331 , 333 
Tartar emetic, 223 
Tartrate emetic, 403 
Tatum, llS, 3S1_ 

TaveaU, 139, 141 
Teniasis, 333 
Testosterone, 33, 34, 249 
Tetanus, 34, 410 
Teiany. acute, 27S 
convulaons, 51 
infantile, 292 


Tetany (ctmttnued) 
hypoparathyroid, 293 
Tetracaine, S5, 67 
Tetrachloroethylene, 329 
Tbebaine, 97 

Theobromine, 119, 170, IS3 
Theophylline, 119, 170, 171, 183- 
1S4, 185 

ethylenediaraine, 184 
Thermolabile, 286 
Thennostahie, 286 
Thiamine, 286 

sources of, 286, 287 \ 

standardization of, 287 
Thlobarbituiates, 73 
Thiocyanates, 173-174 
toxic effects, 274 
'ndoethamyi, 49 
Hiiopenlal, 37 
Thiouracil, 273, 274 
sgraosiotytKis, M 
Thiourea, 245, 270 
Thorium dioxide, 306 
Thofotrast, 306 
Tboipe, 357 
Threadworm, 333 
'n^rombi, 208 
Thrombin, 192-193 
Thrombocytopenia, 350 
pueJ7?er3, 204 

Tbrombo-piastia, human, 392 
Thymine, 203 
Thymol, 332 
Thymomas, 277 
Thymoji^ysin, 238 
Thymus, 267 
endocrine function, 277 
Thyroid, 270-274 
prepataUoQS, control of, 273 
standardization of, 273 
therapeutic uses, 272 
Cacfiycarcfia, postoperative, 370 
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Vinyl ether, description of, 47 
Vioform, 319, 341, 342 
Viosterol, 292 
Virchow, 74 

Virus, Serum and Toxin Act, 1902, 
18 

Vltagens, 283, 29S-296 
^^tamins, 281-302 
assay of, 283 
dosage, daily, 296 
supplemental, 281 
therapeutic, 281, 282 
preparations, 296-299 
relation to growth of micro- 
organisms, 283 
Vitamin A, deficiency of, 285 
preparations, assay of, 285 
source of, 284 

Vitamin B, chemistry of, 286 
Vitamin B-complex, 285-290 
Vitamin Bi, 286 
Vitamin Ba, 286 
Vitamin Be, 289 
Vitamin C, 290 

standarduatlon of, 291 
Vitamin D, 282, 291-293 
standardization of, 293 
Vitamin Da, 275, 291, 293 
Vitamin Da, 291 
Vitamin E, 293, 294 
Vitamin G, 288 
Vitamin K, 283 

preparations, dosage, 211 
Vitamin P, 294, 295 
Vitamin PJ-, andpellagia, 288 
Vitiligo, 262 
Voegtlin, 348 
Vogt, 156 
Vonedrinc, 133 
von Mering, 72, 265 
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VVaksman, 388, 396 


Wassermann, blood test, 346 
Waters, 46 
Waugh, 290 
Weber, Ernst, 4 
school of physiology, 5 
Welch, 405 
Wells, 37 
Wenckeback, 169 
Wernicke’s disease, 287 
Wheeler-Lca Act 1938, 19 
Whitfield's ointment, 321 
Whitby, 381 

Whipple, 201 ' 

Whipworm, 331 
Williams, 203, 286 
WilUs, 182 
Windaus, 156, 286 
Withering. William, 164 
introduction of digitalis, 3 
Wohler, 65 
Woods, 372 
Wonnseed, 331 

X 

Xanthine derivatives, 170-171 • 
Xanthine diuretics, 183-184 
Xanthopsia, 332 
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Yatrcn, 341 
Yaws, 345, 394 

Yeast, source of vitamin B-comp!ex. 
285 

Yellow vision, 332 
Yohimbine, 135, 245 
Yorke, 406 
Young, 317 , 

Young’s law, 26 
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Zephiran chloride, 322 ' 
Zinc-Insulin-Crystals Reference 
Standard, 22 
7in r, peroxide, 319 
' sulfate, 223 



